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SUMMARY 
The general aim of this study was to understand the mating 
system of Uperoleia rugosa 1n terms of the abilities of different 
individuals to maximise their reproductive fitness, and the 
strategies by which this maximisation was achieved. The research 
was designed to investigate: (i) the role of acoustic communication 
1n the spatial organisation of males, and the interactions of males 
in a breeding chorus; (ii) attraction of females to the male chorus 
and the behaviour of females within a chorus in relation to female 
choice and differential male reproductive success. 
The male frogs spend most of the breeding season (September to 
February) at a suitable pond, whereas gravid females arrive in small 
numbers throughout the breeding season. The sex ratio on a given 
night was thus heavily skewed towards males, and females were a 
scarce resource. Calling males had a considerable fidelity to their 
calling sites and were highly territorial. The territories were in 
grass around the edge of the pond, and were not oviposition sites. 
If another male called near a territory holder, the resident 
s w i t ch e d from ad ve rt i semen t ca l l s to enc o u n t e r ca 11 s , an d , i f t he 
intruder persisted in calling, the resident located the intruder by 
phonotaxis and fought. The fights involved vigorous wrestling and 
pushing and lasted for up to 30 minutes. The larger male usually 
won; hence territory holders were the larger males 1n the 
population and they were the only males that called. 
By pl ay i n g ta pe record i n gs of ad ve rt i semen t cal 1 s to 
territorial males, it was shown experimentally that the males use 
vi 
the intensities of their neighbours' acoustic signals to assess the 
proximity of other males. There were three distinct behavioural 
responses that were evoked by particular sound intensities. The 
behavioural responses and threshold sound intensities were: (1) 
antiphonal calling at 76 dB; (2) encounter (territorial) calls at 
84 dB; and (3) fight or retreat at 91 dB. These thresholds are 
represented in a graphical model of male spacing. Encounter calls 
when presented to a resident male evoked the same behavioural 
responses as advertisement calls, but at much lower sound 
intensities (58, 67 and 68 dB respectively). The minimum radius of 
a territory depended on behavioural response (2), at which encounter 
calls were evoked in response to advertisement calls received at 84 
dB. The area of the te rri to ry depended on the intensity of the 
resident's calls and on the density of vegetation at the calling 
site. For example, the m1n1mum territory predicted for a male in 
dense vegetation had a radius of 0.38 m, while a male calling in the 
open should have had a territory with a minimum radius of 0.72 m. 
The shape of the territory was influenced by the distribution of 
V€getation at the calling site. A nearest neighbour analysis of a 
chorus of calling males showed that males were not distributed at 
the minimum distances predicted by the playback experiments. The 
mean radius of the territory of these males was 0.68m in vegetation 
and 1.28m at less vegetated sites. 
Fi g ht i n g w a s co st l y i n t e rm s of t i me , en e r gy an d r i s k of 
injury. Males avoided fighting with rivals larger than t hemselves. 
Body size is inversely correlated with the dominant freq uency of the 
a d v e rt i s e me n t ca 11 ( r = - 0 • 7 6 , p < 0 • 0 0 1, N = 1 0 O ) • P 1 a y b a c k 
experiments showed that males use the dominant freq uency of t he 
Vl 1 
advertisement call as a cue to the relative size of an opponent. 
Males retreated from a loudspeaker broadcasting calls of lower 
dominant frequency than their own; whereas they approached the 
loudspeaker if ca 11 s of higher dominant frequency than their own 
were played (binomial test, P <<0.001, N=39). 
Territoriality thus led to the reguJar spatial distribution of 
males, and also limited the density of the calling male population. 
Frogs without territories became satellite males, that is, silent 
males that waited beside calling males. Satellite males did not 
intercept females on their way to a calling male, but may take over 
the calling site when the female carries the territory holder to the 
pond for oviposition. In addition, some satellite males replaced 
t e r r i to r y ho l de rs that ha d l o st con di ti on a ft e r ma i n ta i n i n g t he i r 
territories for several weeks. 
Gravid females moved amongst calling males for up to three 
nights before selecting a mate on the basis of the male's 
advertisement calls. Discrimination experiments showed that females 
preferred the low frequency (2.04 kHz) calls of large males to the 
high frequency (2.48 kHz) calls of small males (binomial test, 
p <0.001, N=lO). Females selected mates assortatively; that is a 
male that weighed about 70% of the gravid weight of a female was 
chosen as her mate. Females touched the male to initiate amplexus 
and then carried him to the pond for oviposition. 
In conclusion the mating system of Uperoleia rugosa is a lek 
because: (1) females derive no resources from the male apart from 
s p e rm ; ( 2 ) f e ma 1 e s s e l e ct a mate from ma n y ma l e s , any of w hi ch 
could effectively fertilize her; (3) males fight for positions 
which affect their success; and (4) oviposition does not occur at 
the display area. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Darwin (1871), in a highly original review of social 
interactions, first presented the concept of sexual selection which 
he envisaged in two forms. In intrasexual selection members of one 
sex, usually the males, compete in displays or fights for mating 
opportunities. In intersexual selection one sex, usually the 
female, chooses a mate on the basis of phenotypic characteristics or 
territorial resources. Intrasexual selection has been largely 
accepted (Wilson 1975; Emlen & Oring 1977; Halliday 1978) but 
i n t e rs ex u a l s e l e ct i on , pa rt i cu l a r l y t he r o l e of f e ma l e ch o i c e , ha s 
been debated from the time of Wallace (1889). Huxley (1938a,b) 
doubted that any attributes used in intrasexual selection could 
evolve if they had negative effects on male survival, and he did not 
believe that any male attributes could arise through intersexual 
selection. This dismissal of the theory of sexual selection, 
however unwarranted, probably discouraged a great deal of research, 
although in the past decade there has been considerable evidence 
supporting the idea that both aspects of sexual selection operate 
and may have significant effects on sexual behaviour (reviewed by 
Williams 1975; Halliday 1978; Maynard Smith 1978; Blum & Blum 
197 9). 
The change in the status of sexual selection is probably 
due to the renaissance of creative thinking in the field of social 
ethology that has occurred during the past few years. This began in 
1958 with the publication of the second edition of Fisher's 11 The 
Genetical Theory of Natural Selection", 1n which he stressed 
selection at the level of the individual rather than the group or 
• 
2 
species. This important contribution was largely ignored until 
controversy arose over Wynne-Edwards' (1962) theories on group 
s e l e ct i on • W i 1 1 i a ms ( 19 6 6 ) de v e l oped t he f i rs t s e r i o u s a r g u men t s 
against group selection, and Hamilton (1964, 1970 and 1972), Maynard 
Smith (1964) and Trivers (1971) accounted for social behaviour in 
terms of kin selection and reciprocation, by natural selection 
acting principally at or below the individual level. It is held to 
be no longer possible to regard social groups as co-operating to 
max1m1se the reproduction of a population or species; instead the 
emphasis must be in terms of the ability of individuals to maximise 
their own reproductive fitness (Orians 1969; Alexander 1975; Emlen 
and Oring 1977). 
This change 1n emphasis concerning the level of selection 
ha s meant that t he o r y ha s out st r i p pe d i t s e mp i r i ca l b a s i s • Much of 
the early work was based upon inadequate models (see Alexander 1974, 
1975; West-Eberhard 1975; Wilson 1976 for recent views). There is 
therefore a need for field studies in social ethology, in which 
social groups are examined 1n terms of individual strategies 
(Stearns 1976). 
Bateman (1948), Williams (1966, 1975), Trivers (1972) and 
Ghiselin (1974) suggest that, because of the disparity in energetic 
investment in gametes by the sexes, there should be a difference in 
the basis of mate choice. Females, with their greater material 
investment 1n each gamete, should be highly discriminating and 
should select mates of high genetic quality. Males, on the other 
hand, with their low expenditure in each gamete, should try to mate 
with as many females as possible, regardless of quality. Females 
are thus expected to make a qualitative assessment of males , while 
I, 
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males should have a quantitative strategy. Such a difference 
between the sexes may lead to sexual dimorphism in structure and 
behaviour, and the degree of the dimorphism may be directly related 
to the i n ten s i t y of co mp et i t i on between ma 1 e s ( A 1 e xa n de r et a 1 • 
1978). In addition, different individuals of either sex may employ 
different strategies to increase their reproductive success. The 
adoption of alternative reproductive stralegies is proportional to 
the degree of intrasexual competition, 
among males than among females. In 
species the age of a male relative 
influence the adoption of alternative 
and is therefore commoner 
iteroparous and polygamous 
to competing males should 
strategies (Howard 1978). 
Males of different ages may differ markedly in size or experience, 
and this should affect not only male competition but also female 
choice. Females should choose larger males, for not only are they 
survivors with proven abilities, but they may also control better 
territories; and their attributes may be passed on to their 
offspring (Fisher 1930, Howard 1978, 1981). 
The aims of the present study are to test these predictions 
on the leptodactylid frog, Uperoleia rugosa. Frogs have a great 
potential for the testing of predictions of sexual selection 
theory. Most studies of natural populations of frogs have concerned 
species isolating mechanisms, hybrid zones (e.g. Littlejohn and 
Watson 1973, 1976) and community structure (Humphries 1979). 
Reproductive behaviour and mate choice have received less attention 
(Wells 1977a ,b). When I began the present project few studies had 
examined the breeding biology of frogs in terms of sexual selection 
(Wells 1977a, b). During the past four years there have been 
several excellent studies from Europe and North America (e.g. Davies 
4 
& Halliday 1977; Howard 1978), but there are still no studies 1n 
Australia on this aspect of the biology of anurans. 
In Australia, frogs are among the commonest vertebrates. 
They are affected little by observation and experiment. The social 
i n t er a ct i on s of mo st spec i e s a re con f i n e d to t he b reed i n g sea son 
(Salthe & Mecham 1974; Wells 1977b) and mainly concern competition 
between males for mates. The males of many species spend most of 
the breeding season at a pond, whereas gravid females arrive 1n 
small numbers throughout the breeding season (Barker and Grigg 1977; 
Humphries 1979). The sex ratio on a given night is thus heavily 
skewed tmvards males, and females are a scarce resource (Humphries 
1979). 
The research is designed to investigate the following: (i) 
the role of acoustic communication in the spatial organisation of 
males, and in the interactions between males within a breeding 
chorus; and (ii) attraction of females to the male chorus, and the 
behaviour of females within a chorus in relation to female choice 
and to differential male reproductive success. The general aim 1s 
to understand the frog mating system in terms of the abilities of 
different individuals to maximise their reproductive fitness and the 
strategies by which this maximisation is achieved. The project 
involves both field observations and experiments, because these 
permit the testing of hypotheses while the realism of a field study 
1s preserved. 
Most of this study was conducted during an exceptional 
drought (2.3). The project was begun in May 1978 at a smal 1 farm 
pond; but a prolonged drought, followed by a severe bushfire, forced 
me to change my study site to another pond (details in Chapter 2). 
5 
The original site supported a much higher population of Uperoleia 
rugosa than did the second site; before the drought and fire there 
were up to 400 males calling on each night, but the largest number 
of males found at the second site was only 60. 
The low density of males at the second site had effects on 
the experimental aspects of the project as well as on the behaviour 
of the frogs. The calling of many spec,es of frogs is socially 
facilitated (Salthe & Mecham 1974; Wells 1977b). After the drought 
the few calling males were easily disturbed and this hampered 
observations and experiments. In addition, experiments were 
conducted sequentially rather than concurrently owing to the 
shortage of frogs, and this took longer and carried the risk of 
possible habituation of the males' responses. 
The chapters of this thesis are complete units each with 
its own introduction, methods, results and discussion, but to avoid 
repetition Chapter 2 deals with general methods. Chapter 3 is a 
review of the different vocalisations, as this is background 
i n format i on for a 1 1 t he 1 ate r ch a pt e rs • Ch a pt e r 4 on ma 1 e s pa c i n g 
and terri tori a 1 i ty, and Chapter 5 on fighting and fighting 
assessment both concern intrasexual se 1 ect ion. Intersexua 1 
selection, or female choice, and oviposition are covered in Chapter 
6, and there is a final synthesis (Chapter 7) that discusses the 
mating system of Uperoleia and its possible evolution. 
2.1 THE SPECIES 
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CHAPTER 2 
GENERAL METHODS 
The subject of this investigation is Uperoleia rugosa 
(Andersson), the red-groined toadl et or Andersson I s toadl et. The 
genus Uperoleia has recently been described as 11 one of the most 
confusing and inadequately defined components of the Australian 
anuran fauna" (Tyler et al. 1980). In eastern Australia there is a 
complex of three or possibly four species (Littlejohn 1967; 
Straughan 1966; Tyler et al. 1980). The field guides describe two 
species, U. rugosa and U. marmorata, but their definitions of these 
two taxa do not coincide (Cogger 1979; Barker and Grigg 1977). On 
the basis of call, Littlejohn (1967) has defined two races of U. 
rugosa ,n south-eastern Australia. The species in this study is 
f o rm B w hi ch i s ch a r a ct e r i s e d by a II l on g u n p u l s e d mat i n g ca l l 11 • 
Although the call is not perceived as pulsed, detailed physical 
analysis showed that the call is composed of pulses (Chapter 3). 
2.2 
2.2.1 
STUDY SITES 
Bushfires and Drought 
The project began at a small farm pond on Oakdale, a 
property 22 km northeast of Canberra. Field work began in June 1978 
with the establishment of a drift fence trap system and a large 
enclosure for the detailed observation of a marked population. 
September was a very wet month but the rainfall ,n October and 
November was well below average (2.3.1). There was periodic rain in 
November and December, but January 1979 marked the beginning of a 
7 
prolonged drought which affected a large part of NSW (Section 
2.3.1). The breeding season was curtailed by the drought. There 
were no frogs calling by the end of November, although at Oakdale 
Uperoleia usually breeds from September to February (Humphries 
1979). The pond level was very low by January 1979 and the bases of 
most of the reed beds were exposed. In February there were 
extensive bushfires around Canberra one -of which passed through 
Oakdale as a slow hot fire. The habitat around the pond was 
destroyed and the reed beds exposed by the drought were burnt down. 
The enclosures and drift fence traps were also destroyed. 
After consulting colleagues and the local farmers, I 
decided that the study site would probably recover in time for the 
start of the next breeding season in September. The enclosures and 
drift fences were repaired or replaced. However, the extended 
drought prevented recovery of the vegetation and the pond water 
level continued to fall. There was a little rain in late September 
and early October 1979 (2.3.1), but only two individuals of 
Uperoleia rugosa were found at the pond. It was clear that the 
bushfires and prolonged drought had had serious effects on the study 
site and that it would be impossible to continue working at Oakdale. 
An alternative site was found near the original pond 
(2.2.3, Fig. 2.1). The second pond, at Calasoma was untouched by 
the fires, and the owner, Dr Barry Moore, gave me permission to work 
there. All the enclosures and drift -fences at Oakdale were 
dismantled and reconstructed at Calasoma. I worked at Calasoma from 
mid-October 1979 to early February 1980, and also September 1980 to 
February 1981, although there was only intermittent breeding 
activity by~ rugosa owing to the continuing drought. 
8 
2.2.2 Oakdale 
Oakdale is a 445 ha property at an altitude of 640 m, 22 km 
northeast of Canberra, near Sutton, New South Wales (35°8 1 S 
14 9° 19 1 W ) ( F . 2 1 ) 1 g. . . It is owned by CSIRO Division of Entomology 
a n d i s u s e d f o r l on g t e rm stud i e s of t e rm i t e and bl ow fl y e co l o gy • 
It was also Dr. R.B. Humphries' study site for his PhD (1979) on the 
dynamics of a breeding frog community. Twelve species of frog breed 
there, including a large population of Uperoleia (2.2.6). I used 
Dr. Humphries' main study pond, a well established farm pond, which 
was constructed to provide water for stock. This pond is about 20 m 
1 n d i a met e r a n d 1- 3 m dee p w he n f u l l ( Fi g • 2 • 2 , 2 • 3 ) • 
In the present study, an enclosure 8 m in diameter and 
60 cm high was constructed at the southern edge of the pond (Fig. 
2.2, 2.3). Individually marked males were released into the 
enclosure for detailed observations and density manipulations 
(Chapter 4). To facilitate observations and to minimise 
disturbance, the enclosure was equipped \Alith red fluorescent lights 
that were powered by a 240 V generator. The pond and enclosure were 
marked with a two-metre square grid of wooden stakes, so that the 
positions of individuals could be determined. Data were collected 
at this study site from September to November 1978. 
2. 2.3 Calasoma 
Cal a soma 1 s a 16 ha property, 3 km northeast of Oakdale 
(35°6 1 Sl49°l9'W) (Fig. 2.1, 2.5). The site is similar to the 
one at Oakdale (see sections 2.2.4 and 2.2.5), and the same species 
of frogs were breeding there (section 2.2.6). The owner has 
encouraged the regeneration of native trees and shrubs, and has 
9 
described the fauna and flora (Moore 1978). There was no stock on 
the property, but many grey kangaroos (Macropus giganteus) and swamp 
wallabies (Wallabia bicolor) visited the pond. The pond was 
excavated in 1972, and when full is 24 x 36 x 18 x 17 m and over 4 m 
deep. During the drought its dimensions were reduced to 16 x 18 x 
32 x 16 m and about 3 m deep (Fig. 2.4, 2.5). 
I erected two 4 m square enclosures for further experiments 
on density. The enclosures had 60 cm high walls of fibreglass 
insect screening (Sarlon 1.5 mm mesh), the base of which was buried 
15 cm deep; the top was supported by wires stretched between the 
steel co rn er post s • The exp e r i men ts on f i g ht i n g , f i g ht i n g 
assessment, male spacing and female choice were conducted on free-
living frogs at this site. Data were collected at Calasoma from 
October 1979 to February 1980, and September 1980 to February 1981, 
whenever there was enough rain. 
2.2.4 The Terrestrial Habitat 
The two study sites are similar in geology, topography and 
vegetation. The geology, land forms, soils, vegetation and 
potential for land use of Oakdale were surveyed in detail by CSIRO 
Division of Land Use Research (Gunn et al. 1971). The Queanbeyan-
Shoalhaven area, which includes both study sites, has also been 
broadly surveyed for natural resources (Gunn et al. 1969). 
Most of the area is rolling or hilly terrain, underlain by 
granites or fine to medium grained Palaeozoic sandstones. Colluvium 
covers the lower slopes over both rock types. The soil over the 
sedimentary rocks is stony, but there is sand or clay over the 
granite. 
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The vegetation includes four of the seven main subdivisions 
recognised in the Queanbeyan-Shoalhaven report, namely grassland, 
heath, savanna woodland and dry sclerophyll forest (Gunn et al. 
1969). Much of the timber has been cleared, and there have been 
frequent fires and uncontrolled grazing by sheep and cattle. The 
lower slopes were formerly covered by a savanna woodland community 
of Eucalyptus melliodora and E. bridgesiana, which has been largely 
replaced by grassland since European settlement. The grassland 
consists mainly of pasture grasses (Danthonia and Stipa spp.), as 
well as other exotic and native grasses and herbs. Heath is a minor 
component and occurs in dense patches in hilly areas. Patches of up 
to 20 ha of dry sclerophyll forest occur on shallow, stony soils. 
This forest is an E. rossii and E. mannifera community with a sparse 
grass understorey. Large stumps indicate that the forest community 
once extended over the upper slopes, and that the extant patches are 
largely from regrowth. 
2.2.5 The Aquatic Habitat 
The water in both ponds was usually highly turbid owing to 
dissolved tannins augmented by suspended sediments. There were 
pronounced fluctuations in water levels in both ponds. The levels 
fell steadily throughout the drought owing to evaporation, but this 
was countered by occasional heavy rain and runoff. In the summer 
thermal stratification of up to 10°c persisted for several weeks 
(Humphries 1979). In winter there was commonly a thin sheet of ice 
at the pond margins, but there was rarely a complete cover of ice. 
The amount of emergent aquatic vegetation generally depends 
on the age of the pond. The newly constructed dam at Calasoma had 
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less aquatic vegetation, and hence a sparser invertebrate fauna than 
did the older and highly silted Oakdale pond. The pond at Calasoma, 
unlike the one at Oakdale, was not used by stock, and its aquatic 
vegetation has been actively encouraged (Moore 1978). The littoral 
zone of each pond was surrounded by a fringe of rushes (Juncus spp.) 
and sedges (Carex, Schoen us and Eleochari s spp.). As the drought 
progressed and the water level fell, this littoral fringe was 
exposed. The open water of the Oakdale pond was overgrown by the 
pondweed, Potamogeton pectinatus, during late spring and summer. 
The Calasoma pond did not develop a dense growth of Potamogeton. 
The aquatic invertebrates in both ponds included several tadpole 
predators, such as odonate larvae, aquatic hemipterans and leeches. 
Long-necked tortoises (Chelodina longicollis), brown snakes 
(Pseudonaja textilis), and herons (Ardea novaehollandiae, A. 
pacifica) were the major vertebrate predators, and were seen 
occasionally at both ponds. 
2.2.6 Other Species of Frogs 
Twelve species of anurans, including Uperoleia have been 
recorded from the area (Humphries 1979) (Table 2.1). One species, 
Litoria lesueuri, occurs only rarely at Oakdale (Humphries 1979) and 
it was not recorded at Calasoma. The relationship of the Australian 
anuran families to those found elsewhere is unsettled. A recent 
revision (Savage 1973) proposed a radically new familial 
classification of the Australian anurans, 
widely accepted by Australian workers 
but this has not been 
(Cogger 1979). I have 
conservatively followed the older classification of the families, 
Leptodactylidae and Hylidae. The taxonomic relationships of the 
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Australian anuran fauna are not fully understood, althou gh few of 
the genera are as confused as Uperoleia (2.1). The taxonomic 
uncertainties are indicated by the comments in Table 2.1. The 
nomenclature follows Barker and Grigg (1977). 
There is little published information on the biology of the 
species. Several of the taxa have been studied in the context of 
hybridisation and speciation (Littlejohn 1959, 1964; Littlejohn and 
Roberts 1975), or of s y st e mat i cs and distribution (e.g. Cogger 
1979; Copland 1957; Barker and Grigg 1977; Dankers 1977; 
Littlejohn 1967; Main 1968; Ma rt in 1967; Moore 1961; Parker 
1940; Pengi l ley 1971, 1973; Tyler 196 6). Humphries (1979) 
described the biology of all of the species occurri·ng at Oakdale and 
presented audiospectrograms of their advertisement calls. 
The other species are potential acoustic competitors with 
Uperoleia rugosa. There may be competition for calling sites, 
transmission time, temporal codes, or for the limited frequency 
band-width at which most anurans call (between 400Hz and 400GHz) 
(Littlejohn 1977). In this context the signals of other species of 
fro gs con st i tut e n o i s e • Li t t l e john ( 19 7 7 ) p r op o s e d f o u r mean s by 
which acoustic interference may be reduced: 
1. 
2. 
Spectral stratification through the partitioning of the 
premium atmospheric bandwidth into a number of non-
overlapping frequency bands; 
Spatial separation through (a) aggregation of individuals 
into single-species assemblages, or (b) the utilization of 
di sti ncti ve, 
individuals; 
species-characteristic calling sites by 
3. 
4. 
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Temporal partitioning of the potential transmission period 
at one of th re e 1 e ve 1 s : ( a ) i n to spec i e s- s p e c i f i c breed i n g 
seasons, (b) into definite non-overlapping time-periods of 
the daily cycle, or (c) through alternation, antiphony, 
etc., within the same daily time-period; and 
Differentiation of species-specific coding patterns of 
advertisement calls would be expected when common trans-
mission frequency bands and times were employed so that 
reproductive efficiency would be maintained. Signals 
associated with territorial behavior, however, might 
converge (or remain the same if already similar), or 
responsiveness become generalized, under these conditions. 
The breeding season of the species occurring at Oakdale and 
Calasoma are summarised in figure 2.6, and the calling positions of 
the males in figure 2.7. A diagramatic representation of the 
dominant frequencies and pri nci pa 1 tempera l codes of the advertise-
ment calls of all the species except Neobatrachus sudelli and 
Pseudophryne bi broni are shown in figure 2.8. Clearly the other 
species do not interfere acoustically with the advertisement calls 
of Uperoleia rugosa. Two species, Pseudophryne bibroni and Litoria 
verreauxi, breed in autumn and winter respectively (Fig. 2.6) and 
barely overlap with the breeding season of Uperoleia rugosa. Of the 
remaining species only Litoria peroni calls in the same area (Fig. 
2.7) and its advertisement call is both temporally and spectrally 
distinct from that of Uperoleia rugosa (Fig. 2.8). Indeed Uperoleia 
rugosa males do not respond to the playback of the advert isement 
calls of Litoria peroni or any other species (Humphries 1979). 
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2.3 CLIMATE AND WEATHER 
2. 3.1 Climate 
Gun d a r o o , 12 km to t he no rt h of the study s i t e s , i s t he 
nearest meteorological station with long-term rainfall records. 
Canberra, 22 km to the south, is the nearest station with records of 
rainfall, evaporation, temperature, radiation and cloud cover. 
Canberra and Gundaroo have similar mean annual rainfalls 
(629 mm and 640 mm respectively), with rain in all seasons and a 
winter minimum from June to September (Tables 2.2, 2.3). The low 
winter rainfall is derived from the westerly cold fronts, and their 
associated cyclone systems are intercepted by the Great Dividing 
Range, causing a rain shadow to the east (Gunn et al. 1969). The 
summer rain is mainly from the occasional southern extension of 
large tropical low pressure fronts. Most of the rain that evoked 
frog activity during the study came from occasional but heavy summer 
thunderstorms between November and February. Rainfall varies 
greatly from year to year: ,n 1978 the precipitation was 185 mm 
above average, whereas in 1979, it was 231 mm below average. The 
owner of Calasoma has kept weekly rainfall records since 1971 (Table 
2. 4); while 1978 was one of the wettest years, 1979 was the driest, 
and 1980 the third driest during this period. 
The mean monthly maximum temperature ,n Canberra ranges 
between 11°c and 27.5°c and the mean minimum ranges between 
-0.3°C and 13°c (Table 2.3). There are about 100 in frosts each 
year, which may occur ,n any month; although frosts are rare ,n 
December, January or February (Table 2.3). Snow is rare; on 
average there are two days of light snow each year in Canberra. 
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2.3.2 Weather 
Rainfall and the maximum and minimum temperatures of air 
and ground were monitored at both study sites. Measurements were 
recorded whenever the sites were visited. Weather data at the 
Calasoma site were supplemented by Dr Barry Moore's regular 
recordings of rainfall and air temperature (Table 2.4). 
2.4 
2.4.1 
HANDLING OF ANIMALS 
The Drift Fence Trap 
Humphries (1979) monitored the migration of all of the frog 
species at Oakdale with a drift fence trap which enclosed the pond. 
This fence was a circular (30 m radius) 1 m high, wall of fibreglass 
insect screening supported by wire stretched between posts set at 
intervals around the pond (Humphries 1979). Frogs were caught 
entering and leaving the pond in a series of 25 1 containers buried 
at 5 m intervals alternately on the inside and outside of the 
fence. Part of this system was reconstructed to monitor movements 
of U. rugosa (Fig. 2.2). The bushfire destroyed the fibreglass 
netting and the containers. The fence was then replaced with a 
cheaper and simpler wall of 30 cm high polythene sheeting and 10 1 
pitfall traps. This trap was very effective for terrestrial frogs 
such as U. rugosa, although the hylids readily climbed out of the 
traps and over the fence. 
Dr. Moore was concerned that by .completely enclosing the 
pond at Calasoma the flora and fauna would be adversely affected. 
Accardi ngly, a 20 m 1 on g polythene drift fence was erected in 1979 
at the north of the pond (Fig. 2.5). This fence proved to be 
ineffective because most frogs migrated to the pond from the 
; 
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southwest. The fence was then moved to the west of the pond (Fig. 
2.5) before the 1980 breeding season and was effective in monitoring 
the migration of U. rugosa. The traps were cleared on each night 
during the height of the breeding season, and twice a week in 
periods of low activity (4.3.1). At the end of the season the traps 
were sealed. 
A drift fence has four possible effects on the behaviour 
and survival of frogs (Humphries 1979). First, the gravid females 
may be delayed so that oviposition occurs in a pitfall trap. In 
this study, the traps were checked frequently, and although many 
gr a vi d f e ma 1 e s of U • r u gos a we re ca ugh t , no e g gs we re 1 a i d i n the 
traps. A second effect 1s that the drift fence may deflect 
mi grating frogs away from the pond (Humphries 1979). At Calasoma, 
deflection was probably minimal as the nearby ponds were not 
utilised by many individuals of U. rugosa (personal observations). 
A third effect may be an increase in mortality due to enhanced 
predation and desiccation in the traps (Humphries 1979). Adults of 
U. rugosa move at night, and the only nocturnal predators using the 
fence line are the large hylids, Litoria aurea and L. raniformis, 
which do not eat U. rugosa (Humphries 1979; 4.3.1). Desiccation 
was a serious problem; despite the placement of wet paper towelling 
in the pitfalls some frogs died of desiccation on hot, dry days. I 
ha v e e st i mated t hat of a 1 1 i n di vi du a 1 s of U • r u go s a ca u g ht i n t he 
traps, about 3% died in this way. The fourth effect is that the 
fence may intercept an individual's movements from shelter to the 
calling site. Males of U. rugosa call at sites up to 50 m from the 
water, and on either side of the fence. No males were repeatedly 
caught in the traps. 
• 
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2.4.2 Processing of Animals 
All frogs caught in the drift fence, or used in experi-
ments, were measured and weighed. The snout urostyle length (SUL) 
and tibia length (TL) were measured to the nearest 0.1 mm with 
vernier calipers. The frogs were then blotted to remove excess 
surface water and weighed on a Bosch Pll8 field balance. The 
balance was regularly compared with a Metler Hl6 precision balance 
and was found to be precise and accurate to 0.01 g. The error 
associated with measuring the SUL and TL was determined by measuring 
15 individuals (held in an aquarium) 20 times during two weeks. The 
coefficient of variation of the measurements of the SUL of each 
individual ranged from 1.45% to 2.92%, while the TL measurements 
proved more precise and ranged from 1.28% to 2.53%. 
The reproductive condition, presence and location of wounds 
and parasites were recorded for each individual. All animals were 
individually marked by excising the last digit of a sequence of toes 
(Nace 1974) (Fig. 2. 9). No more than three toes were excised 
because increasing toe removal reduces the probability of recapture 
and presumably survival (Clarke 1972; Humphries 1979). Animals 
used in experiments were also individually marked with reflective 
tape (3M Company), so that they could be identified at about 3 m 
without being handled. A unique combination of three colours was 
attached to the top of the head of each animal with Cyanoacryl ate 
t i s sue cement ( Et h i con Bu cry l at ) • The ta p-e re ma i n e d attached f o r 
about 10 days. Animals used in long-term experiments were initially 
freeze-branded for 10 s on the head with a pressurised refrigerant 
(Lazarus and Rowe 1975). Reflective tape stuck on the brand 
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remained attached for about three weeks. Neither technique appeared 
to affect the behaviour of the animals. 
All measurements and data were noted on pre-printed 
computer sheets. 
recording data. 
This procedure minimised errors and omissions in 
The computer sheets were transcribed onto computer 
tape by the Data Processing Unit, Australian National University. 
Be ha vi o u r a l a n d e co l o gi ca l obs er vat i on s , a n d ex pe r i men ta l res u l t s , 
were recorded in the field on a portable cassette tape recorder. 
The cassette tapes were transcribed and annotated within two days. 
2.5 ANALYSIS OF DATA 
Most of the data were analysed on the Univac 1110 Computer 
at the Australian National University. Two statistical packages, 
Glim (Baker and Nelder 1978), and SPSS (Nie et al. 1975) and a 
plotting program (ANUPLOT plotting subroutines, Computer Services 
Cent re , AN U ) we re u s e d • De ta i l s of t he stat i st i ca l an a l y s es a re 
given where appropriate; but, 1n general, they follow Siegel 
(1956), Snedecor and Cochran (1967), Sokal and Rohlf (1969) and Zar 
(1974). 
• 
Table 2.1 Species of frogs occurring at the Oakdale study site, with their 
probable biogeographic origins (after Humphries 1979). 
Taxon 
Leptodactylidae 
Limnodynastes tasmaniensis Gunther 
Limnodynates dumerili dumerili (Peters) 
Uperoleia rugosa (Andersson) 
Pseudophryne bibroni Gunther 
Ranidella parinsignifera (Main) 
Ranidella signifera (Girard) 
Neobatrachus sudelli Lamb 
Hyl i dae 
Litoria verreauxi ( Dume ri 1 ) 
Litoria peroni (Tschudi) 
Litoria aurea (Lesson) 
Litoria raniformis (Keferstein) 
Li tori a 1 es u e u r i ( Du me r i 1 and Bi bro n ) 
Keyto geographic o ri gins (after Litt 1 ejohn 1967). 
Origin 
WRC 
SMBC 
WRC 
WRC 
SMBC 
WRC 
SMBC? 
STC? 
WRC 
ETC 
WRC? 
ETC 
Comment 
Northern call race of Littlejohn (1967) 
possibly some hybrids L. d. dumerili x L. interioris 
form 11 811 of Littlejohn (1967). See Section 2.1. 
currently being redefined (J.D. Roberts in preparation) 
a complex altitudinal cline (Barker and Grigg 1977; 
I 
Humphries 1979) 
almost certainly not this species - there is evidence of a 
L. raniformis species complex (Humphries 1979) 
breeding restricted to lentic habitats - does not breed 
in either study pond 
\:mt 
SMBC 
STC 
ETC 
= wide-ranging component 
= southern Murray basin component 
= southern temperate component 
= eastern temperate component 
-
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Table 2.2 Monthl y rainfall (mm ) at Gundaroo, Nsw+ 
Month Lower Median Upper 70%* Mean 
quartile quartile 
Jan 17.3 41.4 72.9 19.1 58.4 
Feb 11.9 32.0 65.8 15.0 46.5 
Mar 16.5 32.8 71.1 19.1 53.1 
Apr 24.1 41.7 70.1 27.7 48.3 
May 19.8 35.1 70.1 22.4 48.3 
Jun 31.0 47.8 76.2 31.8 57.9 
Jul 25.9 46.5 69.1 30.0 48.0 
Aug 25.4 47.8 74.7 27.4 51.8 
Sept 27.2 37.1 76.2 28.4 51.1 
Oct 28.7 53.8 78.2 36.6 60.2 
Nov 21.8 52.8 78.2 31.0 55.9 
Dec 23.9 42.4 70.1 27.4 50.8 
630.2 
+ Data from Gunn et al. (1971), 64-year record. 
* Rainfall equalled or exceeded in 7 years out of ten. 
Table 2.3 Monthly meteorological data for Canberra, A.C.T. 
Month Mean Mean Range Mean Mean Mean Mean 
Maximum Minimum temp oc Radiation Rain fa 11 Evaporation Cloud cover 
temp 0c temp 0 c -2 -1 (octal rating) g.ca.cm .day mm mm 
Jan 27.5 13.0 14 608 59.2 201.4 3.9 
Feb 26.8 12.7 14 510 53. 6 157.0 4.1 
Mar 24.4 10.6 13 467 63.8 128.8 4.2 
Apr 19.6 6.4 14 367 54.3 83.1 4.3 
May 15.0 2.8 12 255 53.3 48.3 4.5 
Jun 12.1 0.9 11 221 51.6 31.2 4.9 
Jul 11.1 -0.3 11 227 45.2 31.0 4.5 
Aug 12.7 0.7 12 307 49.3 43.9 4.4 
Sept 15.8 2.8 13 434 45.2 71.1 4.2 
Oct 19.1 
' 
5.9 14 518 72.9 llC).0 4.5 
Nov 22.4 8.3 14 594 55.4 146.6 4.4 
Dec 26.2 11.1 15 685 50.8 185.2 4.1 
19.4 6.2 433 664.3 1237.5 4.3 
Data from Commonwealth Bureau of Meteorology, Canberra 1980. 47-year record. 
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Table 2.4 Monthly rainfall (mm) at Calasoma, NSW. 
Mean for 
Month 1971-1977 1978 1979 1980 1981 
Jan 75.1 181.9 7.4 72.6 33.6 
Feb 107.2 6.1 6.4 70.1 137.8 
Mar 35.7 115.1 69.3 18.8 
Apr 52.9 48.0 102.4 16.2 
May 39.3 91.4 20.1 58.7 
Jun 31.0 61.0 8.6 53.6 
Jul 44.3 56.9 9.1 38.6 
Aug 62.4 20.1 35.0 36.1 
Sept 55.6 146.6 45.5 2306 
Oct 90.5 49.5 66.0 56.9 
Nov 54.6 61.5 76.4 37.8 
Dec 30.9 80.8 1.8 77.2 
1971-1978 data from B.P. Moore (personal communication) 
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Figure 2.4 
A view from t he north of the study pond at Oakdale 
showing the two meter square grid and the enclosure. 
A view from the south of the study pond at Ca l asoma 
showing the two enclosures on the fa r side of the pond. 
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Figure 2.7 The calling positions of the eleven species of frog occurring at Oakdale and Calasoma. 
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Figure 2. 8 Diagramatic representation of the dominant frequencies 
and principal temporal coding patterns in advertisement 
calls of nine species of frogs occurring at Oak dale and 
Calasoma. (Based on unpublished observations; 
Littlejohn 1977 ; Humphries 1979). 
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Figure 2.9 The toe clip numbering code (Nace 1973) 
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CHAPTER 3 
VOCALISATIONS 
Frogs and toads offer one interesting sexual 
difference, namely, in the musical powers possessed by 
the males; but to speak of music, when applied to the 
discordant and overwhelming sounds emitted by male 
bull-frogs and some other species, seems, according to 
our taste, a singularly inappropr-iate expression. 
Nevertheless, certain frogs sing in a decidedly 
p 1 ea s i n g ma n n e r • ( Da rw i n 18 7 1 ) 
3.1 INTRODUCTION 
The objectives of this chapter are: 
1) To exam, ne and characterise the different types of 
vocalisations produced by Uperoleia rugosa 1n terms of 
spectral and temporal parameters of the calls; 
2) To determine the effect of temperature on the call parameters; 
and 
3) To establish whether any of the call parameters are correlated 
with body size or weight. 
3.1.1 Anuran Vocalisations 
A large proportion of herpetological research since 1950 has 
concentrated on the vocalisations of anuran amphibians. The major 
interest has been in the attraction of females to calling males and 
consequently the role of these vocalisations 1n reproductive 
isolation (Bogert 1960; Littlejohn and Loftus-Hills 1968; Salthe 
and Mecham 1974). Much of this research has concentrated on the 
most commonly produced vocalisation, the so-called mating call. 
Blair (1947) pointed to the lack of experimental evidence for the 
• 
r 
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commonly assumed female-attracting function of mating calls. This 
criticism was strongly contested by some herpetol ogi sts, 
particularly Lowe (1954). Bogert (1960), however, in a comprehens-
ive and critical review, concluded that, while there was some 
unequivocal evidence of female phonotaxis to conspecific mating 
calls, much of the evidence was anecdotal and unconvincing. Bogert 
a 1 so poi n t e d out that the mat i n g ca 1 1 , i n add i ti on to at t r act i n g 
mates, probably served other functions such as male territoriality. 
It is for this reason that Wells (1977b) proposed that the 
predominant vocalisation be called an advertisement call rather than 
a mating call, because it advertises the presence of the calling 
male not only to conspecific females but also to other males. 
The literature on anuran vocalisations that followed Bogert's 
(1960) critical review is more rigorous, and most authors avoid 
assuming the functions of calls from circumstantial evidence. In a 
recent review on the evolution of the genus Bufo, Blair (1972, p.3) 
categorically states that females are attracted to the advertisement 
(mating) calls of males, while Martin, in a later chapter (p.279), 
states that this is an assumption for which there is little evidence. 
There is now 1 i tt 1 e doubt that females of many spec, es move 
towards the advertisement calls of conspecific males (reviewed by 
Salthe and Mecham 1974; Wells 1977a,b). The confounding effects of 
visual and olfactory cues have been eliminated ,n playbac k 
experiments, 1n which one or more vocalisations are broadcast to 
females from a loudspeaker. These experiments have shown that 
sex u a 1 1 y rec e pt i v e f e ma 1 e s , when pre sent e d w i t h a ch o i c e of 
vocalisations, consi st ently move towards the loudspe ake r 
broadcasting the advertisement calls of conspeci fic males 
• 
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(Littlejohn 1960; Littlejohn et al. 1960; Blair 1964; Michaud 
1964; Littlejohn and Loftus-Hi 11 s 1968; Gerhardt 1973, 1974a; 
Littlejohn and Watson 1974; Oldham and Gerhardt 1975). 
Additional evidence of female attraction to conspecific calls 
has come from neurophysiological studies of the auditory receptors 
of several species. There are usually three frequency bandwidths to 
which the anuran ear 1s sensitive (Capranica 1976). In several 
species of Hyla, Litoria, Leptodactylus, Acris and Smilisca the 
amphibian papilla is sensitive to a low frequency bandwidth (less 
t ha n 5 O 0- 6 O O Hz ) an d a med i um ban dw i d t h ( 5 0 0-10 0 0 Hz ) , w hi l e the 
basilar papilla is sensitive to a high frequency bandwidth that 
matches the bandwidth of the advertisement calls (Capranica and 
Frischkopf 1966; Loftus-Hills and Johnstone 1970; Lombard and 
Straughan 1974; reviewed by Capranica 1976). One species, 
Scaphiopus couchi, lacks the middle peak of sensitivity (Capranica 
and Moffat 1975). The amphibian papilla of all of these species is 
unable to detect conspecific advertisement calls, and is probably 
involved in general hearing, such as the detection of predators 
(Capranica and Moffat 1975; Narins and Capranica 1976; Littlejohn 
19 7 7 ) • Thu s the b a s i 1 a r pa pi 11 a re g i on o f t he an u r a n ea r seems to 
be narrowly tuned to the bandwidth of the conspecific advertisement 
call, while the low frequency sensitivity of the amphibian papilla 
i s n o t con c e r n e d w i t h re product i ve co mmu n i cat i on , but i s u s e d f o r 
detecting other sounds. 
The advertisement call of Hyla c1nerea is unusual because it 
1s bimodal with two frequency bands that correspond to best 
excitatory frequencies of the amphibian and basilar papillae 
(Gerhardt 1974a, 1976). The amphibian papilla is more sensitive 
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than the basilar papilla and Gerhardt suggests that the low 
frequency component of the advertisement call may be of importance 
1n the long range attraction of the female. The response of females 
to synthetic bimodal calls is comparable to that evoked by natural 
advertisement calls (Gerhardt 1974b). Females also respond to 
synthetic unimodal calls of either the high or low frequency 
bandwidth, confirming that both papillae play a part in female 
attraction 1n this species. However, the response to the low 
frequency unimodal calls was slower than that to high frequency 
unimodal calls (Gerhardt 1974b). 
There has a 1 so been some recent research on the phonotacti c 
location of a calling male, not only by gravid females, but also by 
territorial males. The location by gravid females of synthetic 
advertisement 
(Rheinlaender 
Co 1 ostet hu s 
ca 11 s 
et a 1. 
nubicola 
of Hy 1 a c, ne rea was extremely accurate 
1979). Similarly, territorial males of 
moved rapidly and accurately towards a 
loudspeaker broadcasting recordings of conspecific advertisement 
ca 11 s (Gerhardt and Rhei nlaender 1980). This work aga, n 
demonstrates the mate-attracting function of the advertiserrent call, 
and also that it plays a part in territorial interactions. Hence it 
confirms that advertisement call is a more apt term than mating call 
for these vocalisations (Wells 1977b). 
Anurans have several other distinct types of calls (Bogert 
1960; Salthe and Mecham 1974; Littlejohn 1977). Compared with the 
advertisement call the other vocalisations have received scant 
attention, though clearly a thorough understanding of acoustic 
communication must include these other vocalisations (Rabb and Rabb 
1963a,b; Capranica 1965; Pengilley 1971). Of the species that 
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ha v e been st u di e d , ma n y ha v e u p to f o u r di st i n ct v o ca l i sat i on s 
(Salthe and Mecham 1974); but Rana catesbeiana has six (Capranica 
1968) and R.pipiens eight (Schmidt 1968). The following brief 
resume of the different types of calls is based on Bogert (1960), 
Salthe and Mecham (1974) and Littlejohn (1977). 
(a) Advertisement call. This vocalisation is produced by the 
males of many species and has been discussed above. It is the most 
frequently produced vocalisation and attracts conspecific females 
and plays a part 1n territoriality (e.g. Whitney and Krebs 1975a). 
The two functions may be combined in a single monophasic call, as in 
Hyla regilla (Whitney and Krebs 1975a), or the functions may be 
separated 1n a diphasic call such as that of Eleutherodactylus 
coqui, in which the males and females respond to different notes in 
the two note call (Narins and Capranica 1976). 
(b) Territorial and Encounter calls. Te r r i to r i a 1 ca 1 l s a re 
distinct vocalisations produced by males when they perceive the 
advertisement calls of another male above a critical sound intensity 
(Snyder and Jameson 1965; Capranica 1965; Allan 1973; Rosen and 
Lemon 1974). The term encounter call (McDiarmid and Adler 1974) 
also covers vocalisations used 1n territorial interactions (Whitney 
1980). Wells (1977b) suggests replacing the term territorial calls 
with encounter calls, to name vocalisations used in both male 
spacing and 1n territorial interactions. Littlejohn (1977) 
disagrees with this and suggests that the term territorial call be 
retained for vocalisations used in long range territorial 
communication, while vocalisations used in short range interactions 
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are encounter calls. In Littlejohn 1 s classification territorial 
calls are purely acoustic signals evoked by a particular sound 
intensity whereas encounter calls are used 1n close range 
territorial interactions and are associated with visual and 
vibrational stimuli. 
(c) Female reciprocation calls. These vocalisations are produced 
by the females of some species in response to conspecific male 
advertisement calls, allowing the pair to converge by phonotaxis for 
amplexus (Dixon 1957; Wells 1977b). 
(d) Release calls. When clasped by a male, males and unreceptive 
females produce a distinct vocalisation, the release call, that 
stimulates the clasping male to release them (Martof and Thompson 
195 8). 
( e) Distress calls. If disturbed or captured by a predator, both 
sexes of many species produce loud screams or cries that are thought 
to startle predators, although there is little evidence that they 
have this effect (Bogert 1960). 
3.1.2 The Effect of Temperature on Call Structure 
The structure of the advertisement call of many species of 
frogs has been found to vary with temperature (Littlejohn 1964; 
Zweifel 1968; Martin 1972; Schneider 1974). Temperature 1s 
therefore important 1n comparing interspecific calls and in 
correlating call pararreters with body size. 
The pulse repetition rates of the advertisement calls of many 
species of Bufo are strongly correlated with temperature (Blair 
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1956; McAllister 1961; Zweifel 1968; Nevo and Schnei de r 1976) , 
Litoria (Littlejohn 1965a, 1976), Limnodynastes (Littlejohn and 
Roberts 1975), Ranidella (Littlejohn 1959), and others. Many 
authors have consequently corrected the pulse repetition rate to a 
common temperature before making comparisons among calls (Loftus-
Hills 1975). The correlation between the number of pulses in each 
call and temperature is usually weak or non-existent, but a negative 
correlation between call duration and temperature has been found in 
several species (e.g. Littlejohn 1965a; Neva and Schneider 1976). 
The strong relationship between pulse repetition rate and 
temperature is therefore mainly attributable to the effect of 
temperature on call duration rather than on the number of pulses per 
call. In other species no correlation or only a weak relationship 
has been found even between call duration and temperature (Zweifel 
1968; Littlejohn and Roberts 1975). 
The effect of temperature on the spectral properties of the 
call is less consistent than are its effects on temporal 
parameters. In some hylids an increase in temperature has little 
effect on the dominant frequency (Littlejohn 1971). In other 
species there 1s a significant positive correlation of dominant 
frequency with temperature, but the effects are usually small over a 
wide temperature range (Littlejohn 1976). Positive correlations 
have been demonstrated for some species of Bufo (Z\vei f el 1968), 
while calls of other species show a negative correlation (Neva and 
Schneider 1976). 
Little is known of the effects of te mperat ure on the so und 
intensities of anuran vocalisations since few meas urements have been 
made (Loftus Hills an d Littlejohn 1971a; Ger hardt 1975 ; Passmore 
1981). 
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3.1.3 Call Parameters and Body Size 
Body size and body weight correlate with reproductive success 
in a number of species (Wells 1977a,b). For example, a detailed 
study of the mating of bullfrogs, Rana catesbeiana, showed that the 
larger and older males occupied the oviposition sites preferred by 
females, and therefore achieved more matings than did smaller males 
(Howard 1978). The dominant frequency of the advertisement call of 
many species is inversely correlated with body size (Oldham & 
Gerhardt 1975; Zweifel 1968; Ryan 1980a). The advertisement call 
may therefore be us·ed as a cue by females in selecting mates (Ryan 
1980a), or in assessment of fighting ability by males (Davies and 
Halliday 1977, 1978, 1979). Females of the leptodactylid, 
Physalaemus pustulosus, select larger males as mates on the basis of 
the 1 owe r frequency of t he i r a d ve rt i semen t ca 11 s re 1 at i ve to o t he r 
males (Ryan 1980a). Male toads, Bufo bufo, fight for possession of 
females, and large males have greater reproductive success because 
they win more contests and acquire more mates (Davies and Halliday 
1977, 1978, 1979). The males determine whether to fight on the 
basis of the dominant frequency of their opponents' vocalisations 
(Davies and Halliday 1978). 
Calls can be described in terms of their spectral features, 
such as dominant frequency, and in terms of their temporal features, 
such as number of pulses per minute. The examples cited above 
suggest that in some species of anurans individuals can determine 
the dominant frequency of acoustic signals. Yet the bulk of neuro-
physiological evidence suggests that, whereas anuran ears can 
effectively discri minate te mporal patterns in acoustic sti muli, t hey 
are poor frequency analysers (reviewed in Capranica 1976). The 
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implications from most of the studies of anuran acoustic 
communication also suggest that the temporal features of the 
advertisement cal 1 s are of greater importance than the spectral 
features because most of the species-typical information is 
temporally coded (Littlejohn 1977). I have therefore correlated 
both the temporal and spectral features of the calls of Uperoleia 
rugosa with body size and body weight (3.3.1). 
3.2 METHODS 
3.2.1 Recording and Analysis of Vocalisations 
Voca 1 i sat ions we re recorded on precision magnetic tape (BASF) 
at 19cms- 1 with a Nagra E tape recorder and an AKG CKl cardioid 
condenser microphone. Between 5 and 35 calls were recorded for each 
i ndi vi dual. At least three complete and clear cal 1 s from each 
individual were analysed and the mean value was used in the 
subsequent analysis. The calls of individuals were consistent 
(3.3.1). Wet bulb air temperatures were measured with a fast 
reading thermometer placed close to the calling male. This 
temperature was taken as the body temperature of the cal 1 i ng frog 
(Littlejohn 1976). Calls were analysed with a Voiceprinter Corp 
Series 700 Sound Spectrograph with a wide bandpass filter (300 Hz). 
The resulting audiospectrograms were used to determine the temporal 
features of the vocalisations (3.2.2). The dominant (or carrier) 
frequency of each call was determined by fast fourier transform 
(FFT) analysis (Peterson and Gross 197 4). The recorded 
vocalisations were transcribed from the Nagra E to a second recorder 
(Nagra IV.SJ) because they could then be temporally reduced four-
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fold for the FFT by playing back at 4.75 cms- 1• The temporally 
reduced signals were digitised with an analog-digital converter 
(sampling at 2kHz) and samples of 1024 data points were subjected to 
FFT analysis on a DEC PDPll-03 computer (Peterson and Gross 1974). 
The power spectra thus produced were smoothed and the program then 
determined the dominant frequency. The power spectrum of a 2kHz 
-
sinusoid was also analysed by this procedure to check the 
reliability of the system. 
Sound pressure levels (SPL) (0 dB= 2 x 10- 5Nm- 2) of the 
calls were measured with either a General Radio Model 19818, or a 
Bruel and Kjaer Type 1613 sound level meter. Recordings were taken 
with a fast meter speed setting and the C-weighted network which has 
a flat frequency response from 100 to 3000 Hz (Peterson and Gross 
19 7 4 ) • The SP L ' s of 15 ca l l s we re me a s u red at 2 5 cm from , and 
directly in front of, a calling male. Measurements were taken after 
the first ten calls of a series, as these first calls were often 
produced with a semi-inflated vocal sac and were not as intense or 
consistent as later calls produced with a fully inflated vocal sac. 
The direct statistical analysis of SPL in dB is inappropriate 
because decibels are a logarithmic, relative measure. Sound levels 
in decibels were therefore converted to absolute pressure, analysed 
and the mean and mean~ one standard deviation (S.D.) were converted 
back to dB. The S.D. on the log scale (in dB) is then asymmetrical 
about the mean and is therefore expressed as S~D.- and S.D.+. 
Ow i n g to t he p u 1 s e d n at u re of an u ran v o ca 1 i sat i on s a pea k 
reading of SPL seems more appropriate than the fast root mean square 
values (RMS) taken in this study (Loftus-Hills and Littlejohn 1971a; 
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Gerhardt 1975; Littlejohn 1977). Unfortunately, field measurements 
of peak SPL could not be made with the available equipment. Accord-
ingly, a correction factor for RMS values was obtained in the 
laboratory with a Bruel and Kjaer Type 2607 measuring amplifier that 
measured the RMS and the peak SPL of the calls of 15 individuals 
played through a loudspeaker in an anechoic chamber. 
3.2.2 Call Components 
A call is a temporally isolated sound, the duration of which 
is substantially shorter than the interval between calls. The calls 
of many species consist of notes that are major repeated elements 
within the call. There is only one major sound or note in the calls 
of Upero lei a rugosa, and therefore note and ca 11 a re equivalent 
terms. The calls of U.rugosa are pulsed, that is, there is 
extensive amplitude modulation of the call. From the calls and 
pulses five parameters were measured or derived from the recordings 
of individual frogs. 
(a) Call rate. The number of calls per minute was obtained for 
each individual by counting the number of calls produced and 
measuring the elapsed time with a stopwatch. 
(b) Dominant frequency. An audiospectrogram represents a plot of 
frequency ( Hz ) a ga i n st ti me (ms ) • The re l at i ve a mp l i tu de of t he 
various frequencies ,n the bandwidth of the vocalisation are 
represented by the darker areas of the audio spectrogra m (Fig. 
3.1). The dominant frequency is the frequency at which most of the 
acoustic energy is concentrated, and can therefore be esti mated fro m 
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the darkest area of the audiospectrogram, but a more accurate method 
was used: an FFT power spectrum analysis (3.2.1), which indicated 
the frequency at which most of the energy and the call was 
concentrated. 
( C) Call duration. The duration of each call was determined by 
measuring the length and the trace of each ca 11 on an audio-
spectrogram with dial calipers (accurate to 0.01 mm) and converting 
the rreasurement to time (ms) (Fig. 3.1). 
(d) Number of pulses. These were counted directly from the audio 
spectrogram (Fig. 3.1). 
( e) Pulse repetition rate. The number of pulses per second was 
calculated from the number of pulses and the duration of the call 
(in seconds) with the following formula: 
Pulses per second = Number of pulses - 1 
Duration 
3.2.3 Temperature Correction and Body Size Correlations 
The temporal and spectral properties of the vocalisations and 
call intensity were regressed with wet bulb temperature by the least 
squares method (Baker and Nelder 1978). Where there was a 
significant (p<0.05) correlation the call parc1meter was corrected to 
a common temperature with the following formula: 
Ve= b (CT-WB) + V 
where V is the original value of the variable measured at the wet 
bulb temperature WB. Ve 1s the variable value at the common 
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temperature, CT, and b is the regression coefficient of the 
relationship between V and wet bulb temperature. 
There are two problems with this procedure. First, a broad 
range of calling temperatures must be covered to eliminate the 
chance of representing curvilinear relationships as linear. Second, 
it is possible that individuals in the population have significantly 
different regression coefficients (b) to that obtained from a 
sample. For example, a plot of call duration against temperature 
for a sample of fire-bellied toads, Bombina bombina, (Larcher 1969) 
does n o t match t he p 1 o t s ob ta i n e d f o r i n di vi du a 1 s over a s i mi 1 a r 
range of temperatures (Schneider and Eichelberg 1974). I had only a 
few repeated recordings from the same individual at different 
temperatures but I used these to test whether the regression 
coefficients obtained from the popu 1 at ion match those from 
individuals (Snedecor and Cochran 1967; Baker and Nelder 1978). 
The spectral and temporal parameters of the vocalisations, 
corrected for temperature if necessary, were then regressed against 
body size and body weight using the least squares method. I used 
tibia length as a measure of body size because it is a more reliable 
measurement than the mo re commonly used snout-vent 1 en gth ( Chapter 
2). 
3.3 RESULTS 
The only vocalisation of Uperoleia rugosa that has been 
de s c r i bed pre vi o u s 1 y i s t he ad v e rt i semen t ca 1 l ( Li t t 1 e j oh n 19 6 5 b , 
1967). On the basis of a subjective evaluation of the structure of 
ca 11 s Li t t 1 e j oh n de f i n e d two race s o f U . r u gos a i n sou t h -ea st e r n 
Australia. Form A is characterised by a short, pulsed call, an d 
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Form B by a long, unpulsed call (Littlejohn 1967). Little is known 
of the distribution of Form A; apparently it occurs on the plains 
of the Murray Basin. Form Bis widespread on the western plains and 
penetrates the coastal plains north of Sydney (Littlejohn 1967). 
There are certainly more species: Ingram (quoted by Tyler et al. 
1980) has recorded three species living sympatrically 1n 
Queensland. The species near Canberra is apparently Form B 
(Humphries 1979; Littlejohn personal communication). I recorded 
two distinct vocalisations that were regularly produced, the 
advertisement call (3.3.1) and the encounter call (3.3.2).. I also 
describe a third vocalisation, which I call the 11 courtship 11 call 
(3.3.3); it was heard only four times and recorded only twice. 
Females do not produce any vocalisations. 
3.3.1 Advertisement Call 
Advertisement calls were regularly produced after dusk (4.3.1) 
and were clearly audible for 500m or more. The calls were produced 
by the male rapidly shunting a large quantity of air from the lungs, 
through the larynx, into the membranous and highly elastic vocal sac 
(Fig. 3.2). When fully inflated, the vocal sac 1s spherical and 
larger than the head (Fig. 3.2c). It acts as a balloon radiator 
that, through impedance matching, couples the closed pneumatic 
system to the surrounding air (Martin 1971, 1972; Martin and Gans 
1972; Gans 1973). Between calls the vocal sac remained partially 
inflated (Fig. 3.2b). 
Recordings of 108 individuals were obtained at Calasoma during 
two breeding seasons (1979-80 and 1980-81). A male's calls were 
consistent and varied little over time. The tibia lengths and 
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weights of the calling males varied considerably (Table 3.1), and 
the recordings probably covered the full range of males that were 
capable of calling. The wet bulb temperature at which the males 
called ranged between 5.o0 c and 19.2°c (Table 3.1). The wet 
bulb temperature was not taken for eight of the recordings because 
the thermometer was broken. 
Littlejohn (1967) characterised the advertisement call of Form 
B, the subject of the present study, as being a 11 long, unpulsed 
mat i n g ca 11 11 • A 1 t hough the ca 11 i s not per c e i v e d a s p u 1 s e d , 
analysis with a sound spectrograph showed that the call consisted of 
brief pulses (Fig. 3.3). The audiospectrograms of six individuals 
are given in the figure to demonstrate the low variation amongst 
advertisement calls. The call consists of a short, single note 
which may be described as 11 ahk 11 or 11 ark 11 • The calls are rarely 
frequency-modulated, that is the pitch remains the same throughout 
the call. The mean values of the call parameters and their 
variation (uncorrected for temperature) are presented in Table 3.2. 
The six call parameters were correlated with wet bulb 
temperature, and the regression coefficients and their significance 
are presented ,n Table 3.3. Call rate, call duration, pulse 
repetition rate and dominant frequency were clearly influenced by 
temperature (Figs 3.4, 3.5, 3.6, 3.7). If there is much individual 
variation in the effects of temperature it would invalidate the 
regression equations derived from a population of many individuals 
at different temperatures. It would also invalidate the temperature 
co r rec t i on o f ca 1 l pa r a mete r s • I ha v e s e v e r a 1 repeat e d record i n gs 
from individual males, but only two of them were made over a wide 
range of temperatures. The regression equations of the effect of 
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temperature on the call parameters of these two males are not 
significant, probably because the samples are too small (N=6 and 
4). However, the two males have the same regression coefficients 
(b) for each regression (Table 3.4) and therefore the data from each 
could be pooled. The pooled correlation coefficients are all 
significant (Table 3.4). The pooled regression coefficients (within 
animal variation) are compared with the regression coefficients 
de r i v e d from a l l t he ca 11 i n g ma l e s ( between an i ma l v a r i at i on ) i n 
Table 3.5 (Baker and Nelder 1978). There is no difference and 
therefore there was no significant individual variation in the 
effects of temperature. 
The four call parameters affected by temperature, namely, call 
rate, call duration, pulse repetition rate and dominant frequency, 
were therefore corrected to a common temperature of 12.5°c. This 
temperature is the mean temperature at which the recordings were 
made an d i s a l so c l o s e to t he mi d poi n t ( 12 • 1 ° C ) o f t he temp e rat u re 
range (Table 3.1). The temperature-corrected parameters are shown 
in Table 3.6. There was no significant difference between the 
temperature-corrected and the uncorrected call parameters (Fig. 3.8). 
On l y ca l l du rat i on an d do mi nan t frequency a re s i g n i f i cant l y 
correlated with tibia length and body weight (Table 3.7, Figs. 3.9, 
3.10). Call duration was correlated with tibia length and body 
weight (Table 3.7). The coefficients of determination (r2) are, 
however, so low (4% and 8% respectively) that call duration could be 
used to discriminate only males of large size differences. 
Frequency correlates with both tibia length and body weight, and the 
coefficients of determination (44% and 50% respectively) indicate 
that frequency could be used to discriminate among males of small 
size differences. The correlation of dominant frequency with tibia 
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1 ength is improved if dominant frequency 1 s uncorrected for 
temperature (Fig 3.11). The coefficients of determination also 
increase to 48% for the correlation with tibia length and 58% for 
the correlation with body weight. Dominant frequency is therefore 
the only call parameter that ~ould be used as a cue to body size. 
3.3.2 Encounter Call 
The encounter call is a frequently heard call and is produced 
with a semi-inflated vocal sac and is of considerably lower 
intensity than the advertisement call. This call was heard at the 
start of the evening chorus and also when two males approa ched each 
other to fight. It may be described as a brief, sharp 11 eh 11 or 
11 ech 11 • I have called this vocalisation an encounter call (McDiarmid 
and Adler 1974; Wells 1977b; Whitney 1980), because it is produced 
by males while establishing their territories or during territorial 
interactions (Chapters 4 and 5). Audiospectrog rams of four 
encounter calls are given in Fig. 3.12. Variation in this call is 
probably due to the partial inflation of the vocal sac, and the 
vigorous movement or fighting that accompanies the call. 
Although I have many recordings of the encounte r call from the 
playback experiments (Chapters 4 and 5), most were made on a poor 
quality tape recorder that was used to monitor the subject's 
response to various stimuli (4.2.5). Recordings of 15 males were 
ma de on a h i g h qua 1 i t y re co rd e r ( Na gr a E ) , an d t he s e we re a n a 1 y s e d . 
The SPL was not measured because the males producing them were 
usually moving or fighting. Similarly I did not measure call rate 
as it varied from stage to stage in a fight (Chapter 5). The call 
durations, number of pulses, pulse repetition rates and dominant 
frequencies are given in Table 3.8. 
1 
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3.3.3 Courtship Call 
This vocalisation was produced by a male when a female was 
about to initiate amplexus (Chapter 6), and was therefore named a 
co u rt sh i p ca 11 • I ha v e heard i t on 1 y f o u r t i mes ; on two o f t hose 
occasions I was able to record the calls. The audiospectrograms 
(Fig. 3.13) show the change from advertisement ca 11 s to courtship 
calls. Some of the courtship calls are frequency modulated (Fig. 
3.13). After clasping the female the male was silent (Chapter 6). 
Eleven courtship calls were recorded from this individual and seven 
from the other male. The call parameters are presented in Table 3.9. 
3.3.4 Comparisons Among the Vocalisations of Uperoleia rugosa 
The call duration, number of pulses, pulse repetition rate, 
and dominant frequency of the three types of vocalisation are shown 
in Fig. 3.14, and statistically compared in Table 3.10. No single 
call component can be used to discriminate between the three 
vocalisations. Encounter calls can be separated from advertisement 
calls by all four components and from courtship calls by all but 
pulse repetition rate. Courtship calls can be separated from 
advertisement calls with only pulse repetition rate. 
3.4 DISCUSSION 
Uperoleia rugosa has three distinct vocalisations: the 
-
advertisement call, the encounter call and the courtship call, each 
of w hi ch i s u s e d 1 n a pa rt i cu 1 a r context • The enc o u n t e r ca 1 l a n d 
courtship call of this species have not been described previousl y. 
A discussion of the functions of the vocalisations will be deferre d 
until their roles in male and female behaviour have been described 
(Chapter 7). 
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Temperature influences call rate, call duration, pulse 
repetition rate and dominant frequency of the advertisement call, in 
conformity with the findings of many other workers (3.2.3). The 
effect of temperature on encounter and courtship cal 1 s was not 
analysed because there were few such ca 11 s and they were recorded 
over a narrow temperature range. Advertisement calls were recorded 
over a range of 12°c. There was no individual variation in the 
effects of temperature on the cal 1 components. The correction of 
call parameters to a common temperature of 12.5°c was therefore 
justified, although the temperature-corrected parameters of the call 
were not significantly different from when their values were 
uncorrected (Fig. 3.8). 
The temporal parameters of the advertisement call, corrected 
for temperature where necessary, were correlated with tibia length 
and body weight: larger males produced longer advertisement calls 
of lower frequency. Either of these call parameters could enable 
conspecifics to assess the size of a calling male. Call duration 
might be used rather than dominant frequency, because anuran ears 
are better at discriminating the temporal features of the call than 
the spectral features (Capranica 1976; see 3.1.3). The 
coefficients of determination of the correlations of call duration 
with tibia length and body weight were, however, so low that call 
duration could be used to discriminate only between males very 
different in size. Dominant frequency, on the other hand, could be 
used to discriminate between males of small size difference because 
the coefficients of determination were 44% for tibia length and 50% 
for body weight. The coefficients of determination increased if the 
dominant frequency was not corrected for temperature (48% and 58% 
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respectively). Dominant frequency is therefore the only call 
component that gives a reliable indication of the size of a calling 
male (Davies and Halliday 1978; Ryan 1980a; Chapters 4 and 5). 
The correlation between dominant frequency and size has been 
f o u n d i n o t he r spec i e s ( 01 d ham an d Ger ha rd t 19 7 5 ; Z we i f e l 19 6 8 ; 
Ryan 1980a). The dominant frequency is a harmonic of the 
fundamental frequency which is determined by the passive components 
of the vocal apparatus, especially the mass of the vocal cords 
(Martin 1972). There is a strong positive correlation between the 
fun dame n ta l freq u en cy an d t he s i z e of t he 1 a r y n x , w h i ch i s i n t u r n 
corr e 1 ate d w i t h body s i z e , so t hat s ma 11 e r i n di vi du a 1 s ha v e hi g he r 
fundamental and dominant frequencies of the ca 11 (Ma rt in 1972; 
Larcher 1969; Davies and Halliday 1978; Ryan 1980a). 
l 
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Table 3.1 Tibia length and body weight _of 108 recorded males 
of Uperoleia rugosa. 
Ti bi a length (mm) 
Weight (g) 
N 
108 
108 
mean 
9.81 
1.86 
S.D. mode 
0.538 10.00 
0.299 2. 00 
range 
8.40 - 11.20 
1.10 - 2.60 
Table 3.2 Call characters of the advertisement call 
of Uperoleia rugosa (uncorrected for temperature) and 
the wet bulb temperatures at which they were produced. 
Call Character N mean S.D. Mode Range 
Ca 11 rate (call min- 1) 104 17.6 6.5 18 5 - 45 
Call duration (ms) 108 484 125 530 200 - 770 
No • o f p u l s es 108 43.8 7.1 49 24 - 57 
Pulse repetition 
rate (pulse s-1) 
108 92. 7 20.8 71 55 - 155 
Dominant frequency 108 2. 24 0.11 2.17 2. 04 - 2.73 
(kHz) 
Sound pressure level 45 88.8 -4.4,+2.9 84.9 79.2 - 94.0 
( dB at 25cm) 
0 W.B. temperature( C) 100 12.5 3. 22 14.8 5.0 - 19.2 
J 
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Table 3.3 Regression coefficients and their significance for 
the influence of temperature on six call characters of the 
advertisement call of Uperoleia rugosa. 
Call character N 
Call rate 97 
(Call min-1) 
Call duration (ms) 100 
No. of pulses 100 
Pulse repetition 100 
rate (pulse s-1) 
Dominant frequency 100 
(kHz) 
Sound pressure 37 
level ( dB at 25cm) 
regression 
coefficient 
1.52 
-2 E,. 3 
0.00 
5.56 
0.01 
0.12 
F ratio 
112.6 
76.0 
0.0 
244.6 
9.0 
0.0 
p < 
0.001 
0.001 
NS 
0.001 
0.001 
NS 
Table 3.4 The comparison between the regression coefficient 
(b) derived from two male Uperoleia rugos~, Male 2 (N=6) and 
Male 7 (N=4), for the correlation between four call parameters 
and wet bulb temperature. There was no difference between 
the regression coefficients derived from the two males 
so the data could be pooled. The pooled regressions were 
all significant. (Baker and Nelder 1978.) 
Ca 11 character Regression Coefficients 
Pooled regression co-
efficient and its 
si gni fi can ce 
Male Male F1,7* 
No. 2 No. 7 b t p< 
Call rate 1. 734 1.734 0.000 1. 7 34 8.14 0.001 
( ca l l mi n - 1 ) 
Call duration -46.306 -20. 084 1. 7 47 -25.365 3. 03 o. 05 
(ms) 
Pu l se repetition 6. 004 4.818 0.453 5.057 7. 4 7 0.001 
rate (pulse s-1) 
Dominant frequency 0.006 o. 012 0.241 0.0105 2. 46 0. 05 
(kHz) 
* None of the F values are significant (p>0 . 05) 
I· 
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Table 3.5 The comparison between the pooled regression 
coefficients (b) derived from two individual Uperoleia 
rugosa (within animal variation, Table 3.4) and those 
derived from the whole population (between animal variation, 
Table 3.3) for the correlation between four call parameters 
and wet bulb temperature. There is no difference between 
the within male variation and the between male variation. 
(Baker and Nelder 1978.) 
Call character Pooled individual 
regression coefficient 
Population 
regression coefficient t* 
Call rate 1. 7 3 1.52 1.268 
(call min-1) 
Call duration -25.37 -26.30 0.127 
(ms) 
Pulse repetition 5.06 5.56 0.849 
rate (pulse s-1) 
Dominant frequency 0.0105 0.0102 0.077 
(kHz) 
* None of the t-values are significant (p>0.05) 
Table 3.6 Temperature-affected parameters of the 
advertisement call of Uperoleia rugosa after being 
corrected to a common temperature of 12.50C. These 
values are compared with the uncorrected values (Table 
3.2) in Fig. 3.6. 
Ca 11 character N mean S.D. Mode Range 
Ca 11 rate 98 17.8 5.21 17 2 - 39 
(call min-1) 
Call duration (ms) 100 491 198.1 600 30 - 910 
Pulse repetition 100 93. 3 13. 20 85 68 - 165 
rate (pulse s-1) 
Dami nant frequency 100 2.24 0.11 2.15 2.02 - 2. 70 
(kHz) 
Table 3.7 Correlation coefficients (r) and coefficients of determination (r2) 
for the relationship between the six call characters and body size of 
Uperoleia rugosa. 
Ti bi a l en~th Body wei 9ht 
Call character N r r2 P< r r2 
Call rate 97 0.07 0.005 NS -0.006 0.000 
(call min-1) 
Call duration (ms) 100 0.21 0.04 0.05 0.29 0.08 
No. of pulses 108 -0.08 0.007 NS -0.05 0.003 
Pulse repetition rate 100 -0.18 0.03 NS 0.09 0.01 
(pulse s-1) 
Dominant frequency 100 -0.66 0.44 0.001 -0.71 0.50 
(kHz) 
Sound pressure level 46 0.29 0.08 NS 0.23 0.05 
(dB at 25cm) 
p< 
NS 
0.01 
NS 
NS 
0.001 
NS 
I 
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Table 3.8 Call characters of the encounter calls of 
15 male Uperoleia rugosa. 
Call character mean S.D. Range 
Call duration (ms) 131.6 70. 7 50 - 200 
No. of pulses 19.7 10. 5 8 - 36 
Pulse repetition rate 147 38.2 95 - 175 
(pulse s-1) 
Dominant frequency (kHz) 2.41 0.094 2.25 - 2.50 
Table 3.9 Call characters of the courtship call of 
Uperoleia rugosa. Based on 18 calls of two individuals. 
Ca 11 character mean Range 
Call duration (ms) 342 280 - 400 
No • of p u 1 s es 48.3 42 - 55 
Pulse repetition rate 139 123 - 146 
(pulse s-1) 
Dominant frequency (kHz) 2.17 1. 81 - 2.3 7 
I: 
I 
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Table 3.10 A comparison (t-test) between the call 
characters of advertisement calls (N=108), encounter 
calls (N=15), and courtship calls (N=2) of Uperoleia 
rugosa. 
Comparison between: 
Advertisement Advertisement 
Call character and encounter and courtship 
Encounter and 
courtship 
t P< t P< t P< 
Call duration (ms) 10.66 0.001 1.60 NS -4.03 0.001 
No. of pulses 11.55 0.001 0.83 NS -3. 72 0.001 
Pulse repetition -8.40 0.001 3.13 0.001 0.29 NS 
rate (pulse s-1) 
Dominant frequency -5. 70 0.001 0.88 NS 2.93 0.01 
(kHz) 
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Fi gure 3. 2 The calling sequence: the upper photograph shows a 
male Uperoleia rugosa between calli'ng bouts. The 
vocal sac is deflated. The lower photograph shows a 
male during a calling bout with a partially inflated 
vocal sac. Con tinued overleaf. 
Figure 3.2 Continued . The calling sequence: a calling male 
Upe roleia rugosa with a fully inflated vocal sac. 
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Figure 3.3 Audiospectrograms of the advertisement calls of six 
male Uperoleia rugosa. The cal1s were recorded at 
the following wet bulb temperatures: A, 6.5°C ; B, 
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Figure 3. 4 Scatter diagram and fitted linear least-squares 
regression line of the call rates (calls per 
minute) of the advertisement calls of 97 male 
Uperoleia rugosa versus wet bulb temperature. 
,...... 
CJ) 
:::::E 
"'-J 
z 
0 
..._ 
< 
a::: 
::> 
0 
__J 
__J 
< 
(.) 
---- ..., __ 
900 
800 
700 
600 
500 
400 
300 
.. 
.. .. 
.. 
.. 
.. 
.. .. 
.. 
a 
.. .. 
........ 
.. 
.. 
.... 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
a 
.. 
.. 
.. .. .. 
.. .. .. 
.. 
4. 0 6. 0 8. 0 1 0. 0 1 2. 0 1 4. 0 1 6. 0 1 8. 0 20. 0 22. 0 2 4. 0 
WET BULB TEMPERATURE CC) 
y=812.6-26.3x 
r=-0.66,N=l 00 
p<0.001 
Figure 3. 5 Scatter diagram and fitted linear least-squares 
regression line of the duration (ms) of the 
advertisement calls of 100 male Uperoleia r ugosa 
versus wet bulb temperature. 
180 
160 
w 
.._ 
< 
0:: 1 40 
z 
0 
~ 120 
.._ 
w 
Cl.. 
~ 100 
w 
Cf) 
_J 80 ::> 
Cl.. 
• 
60 • 
• 
• 
• 
• 
• 
• • 
• 
• 
• • 
• 
• 
• 
• • 
• 
• 
• 
• 
• • 
40-+~,--------.-~-------~-----~------~,------~-------~------
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 
WET BULB TEMPERATURE CC) 
y=22.88+5.56x 
r=0.85,N=lOO 
p<0.001 
Figure 3. 6 Scatter diagram and fitted linear least-squares 
regression line of the pulse repetition rate 
(pulses per second) of the advertisement calls 
of 100 male Uperoleia rugosa versus wet bulb 
temperature. 
>-
(.) 
2.70 
2.60 
z2 .SO 
w 
::::) 
0 
w 
cr:2.40 
lJ... 
.._ 
z 
<2. 30 
z 
~ 
0 
02. 20 
2. 1 0 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. .. 
.. • .... .. 
.... 
.... 
.... • .. 
.. 
• .. 
.. .. 
.. 
.. 
.. .. .. 
.... .. .. .. 
.. .. .. .. 
.. .. .. 
.. .. .. 
.. .. 
.. .. 
.. .. .. 
.. .. 
.. 
.. .. .. 
.. .. 
4.os.o a.o 10.0 12.0 14.0 1s.o ,a.o 20.0 22.0 24.0 
WET BULB TEMPERATURE CC) 
y=2.10+0.01 X 
r=0.29,N=lOO 
p(0.01 
Figure 3. 7 Scatter diagram and fitted linear least-squares 
regression line of the dominant frequency (kHz) 
of the advertisement calls of 1DO male Uperoleia 
rugosa versus wet bulb temperature. 
Q) 
-0 
... 
0 
u 
C 
0 
-0 
... 
::> 
-0 
0 
u 
Q) 
-0 
... 
C 
0 
-
-Q) 
a. 
Q) 
... 
Q) 
V, 
::> 
a.. 
>-
u 
C 
Q) 
::> 
CT 
Q) 
... 
-
-C 
0 
C 
E 
0 
0 
40 
30 
20 
10 
0 
1000 
600 
200 
0 
160 
120 
80 
40 
2.8 
2.6 
2.4 
2.2 
2.0 
Data uncorrected 
for temperature 
Data corrected 
for temperature 
Figure 3.8 The temperature affected parameters of the 
adver.tise-ment call of U erolei a ru gosa, uncorrected 
(Table 3.2) and corrected Table 3.6f for the 
affects of temperature. The difference between 
them is not significant. The means are represented 
by the horizontal lines, the standard deviations by 
the rectan gles, and the ranges by the vertical lines. 
1400 
1200 
U) 
::IE 1000 
-..J 
z 
0 
__J 
__J 
< 
(.) 
.-.. 
U) 
800 
600 
400 
200 
0 
1400 
1200 
:::iE 1 000 
-..J 
z 
0 
..... 
< 
a:: 
=:) 
0 
__J 
__J 
< 
800 
600 
o 400 
200 
0 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. .. .. .. 
.. .. 
.. 
.... .. 
.. • .. 
• 
.. 
• ..... .... 
.. .. 
.. 
.. • .. • 
.. .. .. .. 
.. 
.. .. .. 
• .. .. .... 
• • .. .. .. .. .. .. .. .. 
• .. .. • • 
• • • • • • 
• • • • 
• .. • • 
• • 
• • 
• • 
8.48.8 9.2 9.6 10.0 10.4 10.8 11.2 11.6 12.0 12.4 
y=-272.7+77.4x 
r=0.22~=100 
p <0.05 
• 
• 
• 
• 
1.01.2 1 . 4 
y=l 42 .2+ 184.5x 
r=0.29,N=lOO 
p<0.01 
• 
• 
• 
• 
1 . 6 
TIBIA LENGTH CMM) 
• • 
• 
• 
• • .. 
.. .. .. .. 
.. 
• 
.. 
.... •• .. • .. 
.... 
.... .. 
• 
.. 
• • 
• 
• 
• • 
1. 8 2.0 2.2 2.4 2,6 2.8 3.0 
WEIGHT CG) 
Figure 3. 9 Scatter diagrams and fitted linear least-
squares regression lines of the duration 
(ms, corrected for the effects of temper-
ature) of the advertisement calls of male 
Uperoleia r(gosa versus tibia length (upper) 
and weiqht lower). 
N 
J: 
>-
u 
z 
2.10 
2.60 
2,50 
w 
::)2.40 
0 
w 
a:: 
lJ... 
1--
z 
< 
z 
2,30 
-2.20 
::E 
0 
0 
2. 1 0 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
• 
.. 
.. .. .. 
.. 
.. 
.. 
.. 
.. .. 
• • •• .. .. .. 
• • • • 
• • & • •• 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.... 
.. 
.. 
.. 
.. 
8.48.8 9.2 9.6 10.0 10.4 10.8 11.2 11.6 12.0 12.4 
TIBIA LENGTH CMM) 
y=3.55-0.13x 
- r=-0.66,N=lOO 
p<0.001 
2.70 
~2. 60 
N 
J: 
~ 
>-
u 
z 
2.so 
w 
=>2.40 
0 
w 
a::: 
lJ... 
1--
z 
< 
z 
2,30 
- 2. 20 
~ 
0 
0 
2. 1 0 
• .. 
.. 
.. 
.. 
.. 
.. 
.... 
.. .... .. 
.. .. 
.... 
...... 
.. .. 
.. .. 
• 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. .. .. 
.. 
.. 
.. 
.. 
.. 
2 . 0 0 -t-~--,-.--,--,---.---r-r---r--.---.--.~,--~· ,---,--~---.-~~ 
1.0 1.2 1.4 1,6 t .8 2.0 2.2 2,4 2,6 2,8 3.0 
WE I GHT CG) 
y=2.73 -0 .26x 
r=-0.71,N=lOO 
p<0.001 
Figure 3. 10 Scatter diagrams and fitted linear least-squares 
regression lines of the dominant frequency (kHi, 
corrected for the effects of temperature) of the 
advertisement calls of male Uperoleia rugosa 
versus tibia length (upper) and weight (lower). 
( 2.10 
2.60 
>-
(.) 
z2. 50 
w 
::::, 
0 
w 
a:::2.40 
I.J... 
I-
z 
<2. 30 
z 
:::lE 
0 
02. 20 
>-
(.) 
2. 1 0 
2.10 
2.60 
z 2. 50 
w 
::::, 
0 
w 
a:::2.40 
I.J... 
1-
z 
< 2. 30 
z 
:::lE 
0 
02. 20 
2. 1 0 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. ... 
.. 
• 
.. .. 
.. 
• .. 
.. 
.. .. .. 
.. .. 
.. .. ... .. 
.. .. .. 
.. 
.. 
.. .. 
.. 
• .. 
.... 
.. 
.. .. 
8.48.8 9.2 9.6 10.0 10.4 10.8 11.2 11.6 12.0 12.4 
TIBIA LENGTH (MM) 
y=3.68-0.15x 
r=-0.70,N=lOO 
p<0.001 
.. 
.. 
.. 
.. 
1 .o 1.2 1.4 1.6 1 .8 2.0 2.2 2.4 2.6 2.8 3.0 
WE I GHT CG) 
y=2.78-0.29x 
r=-0.76,N=lOO 
p<0.001 
Figure 3. 11 Scatter diagrams and fitted linear least-squares 
regression lines of the dominant frequency (kHz, 
uncorrected for the effects of temperature) of the 
advertisement calls of male Uperoleia rugosa versus 
tibia length (upper) and weight (lower). 
N 
::r: 
~ 
5 
4 
3 
2 
1 
0 
5 
4 
3 
2 
1 
0 
Fi gu re 3. 12 
0 
A B 
t 
I 
C D 
-------- -
Ji ll ~, 
0.5 1.0 
Seconds 
Audios pectrograms of the encounter calls of four 
male Uperoleia rugosa . The calls were recorded 
at the followi ng wet bulb temperatures: A, 14.1°C; 
B, ll.0°C; C, 10.9°C; D, 14.5°C. 
N 
I 
..:it!. 
5 
4 
3 
2 
0 
5 
4 
3 
2 
0 
5 
4 
3 
2 
0 
0 
Figure 3. 13 
---
. r ----+ 
--1-----
- - -
111 11 
--
1 
0.5 1.0 1.5 2.0 
Seconds 
Audiospectrograms of the advertisement call (top left) 
and five courtship calls produced by a male Uperoleia 
rugosa about to initiate amplexus with a female. The 
calls were produced at a wet bulb temperature of 13°C. 
I. 
I· 
800 
C: 
0 600 
..... 
0 
... 
:> 
-0 
400 
0 
u 
200 
0 
.,, 60 
(1) 
.,, 
:> 
a.. 40 
..... 
0 
0 20 z 
0 
(1) 
..... 
0 
... 
c: 150 0 
..... 
..... 
(1) 
a.. 
(1) 
... 
(1) 
.,, 
:> 
a.. 
>,.. 
u 
C: 
Q.) 
:> 
0-
Q.) 
... 
..... 
..... 
C: 
0 
C: 
E 
0 
0 
100 
2.5 
2.0 
1.5 
Figure 3. 14 
Advertisement 
call 
-m-
Encounter -
call 
+ 
+ 
t 
Courtship 
call 
A comparison between the ca 11 components of advertise-
ment calls (N = 108), encounter calls (N:.: 15), and 
courtship calls (N = 2) of Uperoleia rugosa. The 
means are represented by the horizontal lines, the 
standard deviation by the rectangles, and the ranges 
by the vertical lines. The calls are compared 
statistically in Table 3.10. 
49 
CHAPTER 4 
INTRASEXUAL SELECTION: MALE SPACING AND 
TERRITORIALITY 
We a re • • • here concerned with sexua 1 
selection. This depends on the advantage which 
certain individuals have over others of the same 
sex and species solely in respect to reproduct-
ion. (Darwin 1871). 
4.1 INTRODUCTION 
Darwin (1871) first proposed sexual selection to explain 
how some males gain a reproductive advantage over other males. 
Males can greatly influence their reproductive success by preventing 
other males from gaining mates. This might simply involve guarding 
a female or a group of females in a harem. In species where it is 
uneconomical to defend females, some males maintain territories 
during the breeding season and so control access to females (Emlen 
and Oring 1977). These territories may be divided into two 
categories: those that contain a resource needed by the female to 
reproduce and those that do not (Emlen and Oring 1977; Davies 1978). 
Territorial behaviour has been described in a wide variety 
of animals, both invertebrate and vertebrate (Brown and Ori ans 
1970; Wilson 1975). Territorial behaviour by anurans has been 
reported ,n tropical and temperate species of the following 
families: Hylidae, Pipidae, Centrolenidae, Dendrobatidae, Ranidae 
and Leptodactylidae (e.g. Test 1954; Sexton 1960; Osterdahl and 
Olsson 1963; Emlen 1968, 1976; Wiewandt 1969; Goodman 1971; 
Crump 1972; Rosen and Lemon 1974; Durant and Dole 1975; Whitney 
and Krebs 1975a; Wells 1977c; Fellers 1979a; McDiarmid and Adler 
1979; and also see review by Wells 1977b). Apart from brief 
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guarding during amplexus (e.g. Davies and Halliday 1978) female 
frogs are not defended and harems are unknown (Salthe and Mecham 
1974; Wells 1977a, b). 
For most spec, es of frogs the adaptive si gni fi cance of 
territoriality is uncertain. Most of the studies have provided only 
brief descriptions of fighting and other territorial behaviour. 
From the few detailed studies it appears that there are three 
categories of territorial behaviour: (i) year-long defence of 
resources, (ii) defence of oviposition sites, and (iii) defence of 
courtship sites (Salthe and Mecham 1974; Wells 1977a, b). 
(i) Many South American dendrobatids maintain territories 
for all of the year. The territories contain shelter, food and 
water, and are believed to be important for survival as well as 
breed i n g ( Drewry 19 7 0 ; We 11 s 19 7 7 a , b ) • (ii) The males of many 
species maintain territories at oviposition sites. The males of the 
two species of Limnodynastes at the study ponds (this study) often 
call from beneath or beside the egg masses that are laid in their 
territories (Humphries 1979; personal observations). The eggs of 
the North American green frog, Rana clamitans, are attached to 
vegetation; and males with densely vegetated calling sites acquire 
more mates (Wells 1977c). Similarly, large males of R. catesbeiana 
are more successful than small males in mating because they control 
the oviposition sites preferred by females (Howard 1978). These 
sites are at the optimum temperature for embryonic development, and 
are al so free from leeches that attack egg masses. The optimum 
oviposition sites change every few days; but they are usually 
controlled by larger and older males who conseq uently achieve as 
many as four matings each year ; whereas smaller males, controlling 
51 
poor oviposition sites, rarely mate (Howard 1978). (iii) For other 
species there may be no shortage of oviposition sites; the males 
may defend a large area and can court females without interference 
from other males (Wells 1977a, b; Whitney and Krebs 1975a,b). This 
latter case applies to Uperoleia. The males call on land well away 
from the oviposition sites in the water. 
There has been much confusion in the literature over the 
distinction between the adaptive functions of territoriality and its 
consequences. It is essential that the problems are defined to 
avoid this confusion (Maynard-Smith 1974a; Davi es 1978). There are 
four major problems. The first is that of recognising territor-
iality. The definitions of territoriality are legion. They range 
from simply a "defended area" (Noble 1939) to a 11 fixed, exclusive 
area with the presence of defence that keeps out rivals" (Brown and 
Ori ans 1970). Most definitions stress site attachment and 
intolerance of intruders (e.g. Tinbergen 1957; Crook 1973). Site 
attachment 1s the feature that distinguishes territoriality from 
individual space, though ,n practice the two are difficult to 
separate (Crook 1973; ~~ilson 1975). I have therefore adopted a 
pragmatic definition that recognises territoriality whenever 
11 i n di vi du a 1 an i ma 1 s o r groups a re spa c e d out mo re t ha n w o u 1 d be 
expected from a random occupation of suitable habitats 11 (Davies 
1978). This definition implies defence but does not require that 
the territories be fixed 1n space. 
The second problem is that of identifying the proximate 
determinants of territory size. If the territories are 
incompressible, the synchronous settlement of organisms can result 
in a final density two or three times that of asynchronous settle-
I· 
' 
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ment (Maynard Smith 1974a). This is because the animals that settle 
asynchronously avoid competing with their neighbours by leaving gaps 
between their territories. These gaps are not large enough for 
new co me rs to e st a b 1 i s h new t e r r i tori e s • In sync h r on o u s sett 1 e men t 
the animals compete, and this leads to a regular spacin g with few 
gaps between territories and consequently a higher density. 
The advertisement call of a male frog indicates its spatial 
location to its neighbours. It has therefore been implicated in the 
maintenance of territories. There have been many reports of the 
regular spatial distribution of calling males, and that if a calling 
male is approached by another male the resident changes to another 
vocalisation, that is, to the encounter call (see references in 
Goodman 1971; Wells 1977b, Chapter 3). Both males usually continue 
to produce encounter calls until they fight or one of them retreats. 
By using the playback of recorded calls, several authors 
have shown that vocalisations elicit territorial behaviou r an d thus 
play a role in the spacing of male frogs (Synder and Jameson 1965; 
Emlen 1968; Jenssen and Preston 1968; Wiewandt 1969; Paillette 
1970; Bunnell 1973; Whitney and Krebs 1975a; Harrison 1976; 
Fe 11 ers 1979a). There have, however, been few studies of the sound 
pre s s u re l e ve l s ( SP L ) of t he ca 11 s o f free l i vi n g an u ran s ( Ge r ha rd t 
1975; Loftus Hi 11 s and Littlejohn 1971a; Fellers 1979a; Passmore 
1981) and, except by Harrison (1976) and_ Gambs and Littlejohn 
(1979), the playback technique has not been used to investigate the 
role of sound intensity in maintaining male spacing. 
The third problem of territoriality is that of determining 
its consequences. Does territoriality limit the density of breeding 
males? If so, this still does not mean that the function (survival 
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value) of territoriality is the regulation of population size 
(Wynne-Edwards 1962). To ascribe this function to territoriality 
implies selection at the level of the group or population, which, on 
theoretical grounds, is unlikely in natural populations (Lack 1966; 
Maynard Smith 1964, 1978; Williams 1966; Lewontin 1970). Density 
limitation, if it occurs, is a consequence (sensu Williams 1966) of 
territorial behaviour that has been selected because it increases 
the survival or reproductive success of individuals. Spacing does 
not necessarily limit density because the territory or individual 
distance may be compressible. The territoriality in many species 
does seem to limit density. For example, if male Pacific tree 
frogs, Hyla regilla, are confined in enclosures the number of 
calling males is limited by their territorial interactions (Whitney 
and Krebs 1975a). The silent males try to escape from the 
enclosure. Unfortunately, Whitney and Krebs (1975a) did not mark 
the animals and consequently it is not known whether the same males 
were territorial on successive nights, nor whether they were larger 
than the non-territorial males. In other species the males that 
cannot maintain a territory are usually the smallest and they adopt 
different behavioural strategies to procure mates. They either 
temporarily take over empty territories (Howard 1978), or they are 
satellites of territorial males and attempt to intercept females 
approaching the resident (Howard 1978; Perrill et al. 1978). 
The fourth and final problem with territoriality is that of 
its function. As I have mentioned, this is often confused with its 
consequences (Wynne-Edwards 1962; Wi 11 i ams 1966). By function I 
mean the effect of territoriality on fitness, that is, reproductive 
success. (Brown 1964; Williams 1966; Davies 1978). This question 
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requires consideration of the costs and benefits of territoriality. 
An animal is presumed to be territorial only when there is a net 
gain in fitness (Brown 1964; Emlen and Oring 1977; Davies 1978). 
To analyse territoriality in this way, one must account for the 
e ff e ct s o f : ( i ) f e ma 1 e c h o i c e , ( i i ) p re d a t i on , ( i i i ) r i s k s , a n d 
(iv) differential mating success. 
Darwin (1871) predicted that older, larger males would 
monopolise matings, and that they would prevent smaller males from 
attract i n g f e ma 1 e s • The de ta i 1 e d stud i es o f an u r a n t e r r i tori a 1 i t y 
have shown that the largest males are the most successful ,n 
acquiring mates (Emlen 1976; Wells 1977c; Howard 1978, 1981; Ryan 
1980a). Amphibians can grow throughout their lives and it is 
usually assumed that some measure of body size (often, snout-vent 
length) is a reliable indicator of age (e.g. Turner 1962; Barwick 
1965; Collins 1975; Tilley 1977). Humphries (1979) tried to 
assign age classes to several of the species of frogs at Oakdale, 
including Uperoleia rugosa. He found no reliable relationship 
between body size and age for two reasons. First, in some years a 
whole cohort may be missing owing to a collapse ,n juvenile 
recruitment. Second, individual growth rate is so variable that 
ma n y i n di vi du a 1 s do n o t gr ow i n 1 en gt h from on e ye a r t o t he n e x t • 
The widely quoted relationship between the size and age of Rana 
catesbeiana (Collins 1975) also shows this variation in size (age?) 
classes from season to season (Humphries 1979). It therefore 
appears impossible to assign definite year classes to all but the 
s ma 1 l e s t i n d i vi du a l s , a n d s i z e on l y g, v e s a r o u g h i n d i ca t i o n of 
age. I use tibia length as a measure of body size as this is a more 
precise measure of length (Chapter 2). However, I place more 
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emphasis on the weight of an animal as I regard weight as a measure 
of physical condition or well-being and thus of importance in male 
competition and female choice. 
The present Chapter is concerned with whether male 
Uperoleia are territorial. The nearest-neighbour distances between 
calling males were compared with a random distribution. The 
nearest-neighbour analysis also gives an estimate of territory 
size. The consequences of territoriality on the density of calling 
males were examined by confining males in enclosures. The body 
weights and sizes of territorial and non-territorial (satellite) 
males were compared, and their testes are examined histologically. 
The hypothesis that males determine their distance apart by the 
sound pressure level of their neighbours• calls was tested with the 
playback of advertisement and encounter calls. 
4.2 
4.2.1 
METHODS 
Sound Pressure Levels (SPL) 
The SP L s o f 15 ca l 1 s we re me a s u red at 2 5 cm from , an d 
directly ,n front of, a calling male (3.2.1), and also at 45° 
intervals around the male to determine the pattern of sound 
radiation. Additional SPL readings were taken at 50, 75, 100, 120 
and 140 cm from the front of a male to determine sound attenuation 
with distance (Fig. 4.1). 
4.2.2 Histology 
The testes were removed from ten freshly collected 
t e r r i to r i a 1 ma l e s a n d from ten fr e sh l y col l e ct e d sate 1 l i t e ma l e s . 
The testes were cleared of fat under a binocular microscope. They 
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were then blotted dry and weighed on a Metler Hl6 balance to the 
nearest 0.01 mg. Transverse, 8 µm sections, stained in haemotoxylin 
and eosin, were prepared to determine the level of spermatogenesis. 
4.2.3 Mapping of Calling Sites 
Maps of the positions of calling males \"/ere prepared to 
determine the·ir spatial distribution. The positions of calling 
males were marked with numbered pegs pushed into the ground within 5 
cm of each male. This procedure often silenced the males 
tempo r a r i 1 y but the ca 11 i n g s i t e w a s r a re 1 y a ban done d • Ma p s of 
these positions were prepared in daylight by means of least square 
mapping (Rohlf and Archie 1978), and provided an accurate record of 
the position of all calling males on a given night. The distance 
between each male and its nearest neighbour was taken directly from 
the maps for a nearest neighbour analysis of spatial distribution 
(Pielou 1977). A comparison of nearest-neighbour distances measured 
in the field and those taken from the maps showed no difference 
between the two methods (N = 26, t = 0.09, p>0.4). 
4.2.4 Nearest-Neighbour Analysis 
If spacing is mediated by acoustic corrrnunication alone, in 
a homogeneous habitat calling males should be regularly 
distributed. A nearest-neighbour analysis of distribution can 
detect departures from a random distribution 1n the direction of 
aggregation or of regularity (Clarke and Evans 1954; Pielou 1977). 
Regular distributions have rarely been found for either plants or 
animals. This is perhaps surprising; but the irregularity may 
often be due to habitat heterogeneity (Pielou 1977). Usually, 
I· 
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organisms are aggregated, and there are large unoccupied areas 
between clumps of high density. Within the clumps the distribution 
may be regular because of the interactions between organisms, but a 
nearest-neighbour analysis of the whole population will usually 
detect only the aggregated distribution. The analysis of the 
di stri buti on within each of the cl umps requires that their 
boundaries be determined. This demarcation is usually arbitrary 
(Thiele and Bailey 1980). Pielou (1962) has developed a technique 
that recognises the variation in density and its effect on the 
distribution, but does not require a definition of the boundaries of 
the clumps or of their density. At high density the nearest-
neighbour distances (r) are, on average, shorter than at low 
density. Therefore, to detect regularity at high density only the 
shorter nearest-neighbour distances (r2 = w) above a chosen value 
c are excluded from the analysis, such that rc is considered to be 
the greatest di stance at which interaction occurs. The va 1 ue of c 
is not critical: in the present study a range of values yielded the 
same results. 
The distribution of the truncated sample values (O<w< c) 
are then compared with a similarly truncated distribution from a 
random population. As the mean of the sample values is used to 
calculate the expected random distribution, the comparison cannot be 
made directly unless the variate values are transformed so that they 
are independent of the mean. The sample values ware transformed to 
variate y with the probability integral transform, because their 
distribution depends only on the parent distribution and on N, the 
number of sample values. The method involves first substituting the 
chosen c and the sample mean win the equation 
w = 1 
C CA 
-CA e 
l -C A -e 
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and solving by successive approximation for the Poisson parameter A 
which denotes the mean number of individuals per circle of unit 
radius {Pielou 1962, 1977). The sample values are then transformed 
by 
y = 
1-e-Aw 
- AC 1-e 
where y ranges from O to 1. A histogram of the frequency of y of 
ten classes of equal size can then be compared with the rectangular 
distribution from a random non-interacting population in which the 
expected frequency for each class is N/10. The number of classes 
for which there would be a shortage of y values, implying 
regularity, depends on the class interval. Un l e s s t he c l a s s 
intervals are extremely narrow, a difference will occur only in the 
first class. If f 1 is the frequency observed in the first class, 
then the significance of its deviation from expectation is given by 
z = 
w he re z i s a stand a rd i s e d nor ma l v a r i ate ( Pi e l o u 19 6 2 ) • As i n t e r-
a ct ion implies that the observed frequency would be less than 
expectation, a one-tailed test of statistical significance is 
applied. 
It is also possible to calculate the theoretical territory 
radius, wa, from the truncated nearest-neighbour distances. By 
using the chosen values of c and the sample mean, w, and variance 
var (w) , the equations 
1 
C - w = k 1 - + 
X 
-x e 
1 -x -e 
and 
var (w) = k 
-x 
e 
-x 1-e 
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1 + 
-x 
e 
1 -x -e 
are solved for x and k. Then estimates of wa and the Poisson 
pa r a mete r , A , a re ob ta i n e d , s i n c e w a = c - k an d A = x / k • The 
standard error of wa cannot be calculated, but an upper limit is 
given by /1;N,_i (Pielou 1962). 
4.2.5 Playback Experiments 
The role of call intensity 1n spacing was tested by 
repeatedly playing a tape recording of a natural advertisement call 
or an encounter call at increasing intensities to territorial males 
(Fig. 4. 2). A Phi 11 i ps 210/SQB midrange loudspeaker placed 25 cm 
from the resident male broadcast the stimulus played back on a Nagra 
E tape recorder after amplification through a 25 W amplifier. A 
step attenuator allowed rapid and precise control of the output 
volume of the speaker. A second two-track recorder (Uher 4400 
Report or Akai X-IV) was used to moni t or the stimulus on on e track; 
the other track was used to record the response of the su bjects by 
way of a Beyer M410 condenser microphone. A sound-level meter was 
used to measure the sound intensity of the stimul us set at 45 dB, 
which was below the typical background noise level of about 50 to 65 
dB. After every 10 to 15 calls produced by the resident male, the 
stimulus intensity was increased by 1 dB. 
4.2.6 The Effect of Territoriality on Density of Calli ng Ma l es 
The experi me nt was based on the ass umption that, if the 
territories are incompressible, the release of ca ll ing males into a 
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con f i n e d a re a w i 1 1 pre vent so me of t he ma 1 e s from ca 11 i n g • I 
collected 20 calling males, marked, weighed and measured them and 
released them into the 50 m2 enclosure at Oakdale. The number of 
calling males and their identity was recorded three hours later, and 
at the same time daily for the next seven days. At the end of the 
experiment the animals were again collected and weighed and 
measured. The experiment was repeated a week later with anothe r 20 
males. 
4.2.7 The Effect of Settlement Timing 
The hypo t hes i s that t he den s i t y of ca 11 i n g ma 1 e s de pen d s 
upon the timing of settlement was tested with two 4 x 4 m enclosures 
at Calasoma. Two marked males were released each day for six days 
into one enclosure, while 12 males were released simultaneously in 
the other. The number and identity of calling males in each 
enclosure was recorded for two days after each enclosure had 
received its full complement of males. 
4.3 RESULTS 
4.3.1 Natura 1 Populations 
The breeding season was usually from September to December, 
but 1n a wet year may extend to April (Humphries 1979) (Fig. 4.3). 
The frogs overwinter underground in the p~ddocks surrounding the 
pond (Humphries 1979). As the temperature increases in early spring 
(September), they 
(Humphries 1979). 
emerge and migrate to the breeding ponds 
The adults begin breeding immediately, the 
subadults and juveniles forage. The males arrive at the breeding 
pond before the females and begin calling (Humphries 1979; personal 
observations). 
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Males called mainly at night (Fig. 4.4). During the day 
they sheltered under refuges such as logs; sometimes twenty or 
thirty males were found under the same log. At dusk the males moved 
o u t t o t h e i r ca 11 i n g st at i on s an d be g a n ca 1 l i n g • Ma 1 e ca 1 1 i n g 
depended on rainfall and temperature (Fig. 4.3). Gusty winds 
markedly reduced calling, but I had no equipment to quantify this 
effect. 
Calling sites were 1n a variety of habitats, from bare mud 
to dense reed beds. The wet bulb air temperatures at vegetated 
calling sites were usually a few degrees higher than those in open 
calling sites. For example, on 11 November 1980 the mean wet bulb 
air temperature was 13.9°c at vegetated calling sites and 12.0°c 
at open calling sites (t = 2.00, p<0.05, N = 20). On cold nights 
the few males that called were in dense vegetation, whereas on warm 
nights there was more activity and most males called in the open. 
At dusk there was an increase in the amount of calling as 
the light level declined (Fig. 4.4). As it became darker more males 
joined the chorus, and the tempo of the calling increased. Most 
calls in the 30 min after dusk were encounter calls which appeared 
to be used in establishing possession of the calling station. There 
was then a gradual change to advertisement calls (Fig. 4.4); these 
continued for four or five hours or until the ambient temperature 
f e 11 be 1 ov-1 5° C • 
At the calling sites males were highly territorial: if a 
male called near a territorial male the resident changed from 
ad v e rt i semen t ca 1 l s to en count e r ca 1 1 s • If t he i n t rude r cont i n u e d 
to call, the territory holder found the intruder by phonotaxis and 
attacked (Chapter 5). The fights are described 1n the next 
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chapter. The dominant male usually resumed callin g within 10 s of 
winning a fight, but continued to intersperse encounter calls 
between every few advertisement calls for several minutes after the 
interaction. The loser either moved away and tried to establish a 
territory elsewhere, or remained as a silent satellite of the 
resident (Fig. 4.5). 
The first records of the tibia lengths and the weights of 
males in the 1979-80 and 1980-81 breeding seasons are shown 1n 
Figure 4.6. The satellite males are indicated by the black bars and 
each star represents a male found in amplexus with a female. The 
satellite males were usually the smallest males. The larger 
territorial males achieved the most matings. 
Males lost condition while maintaining a territory, 
presumably because calling and fighting are energetic and leave 
little time for feeding. The mean tibia length of territorial males 
remained constant during the breeding season, whereas their weight 
declined early in the breeding season and then levelled out to a 
constant mean weight (Fig. 4.7). 
The data in figure 4.7 do not, however, allow for the 
turnover of territorial males from month to month. Each male lost 
weight while maintaining a territory (Fig. 4.8). It was rarely 
possible for a male to call on every night (Fig. 4.3), but when it 
wa s too co 1 d o r dry to ca 1 1 feed i n g w a s _p rob a bl y a 1 so cu rt a i 1 e d • 
Territorial males maintained their territories until they lost up to 
30% of their body weight (Humphries 1979). They then sto pped 
calling, became satellites and actively foraged (Fig. 4.8). Some 
males, after gaining wei gh t as a satellite, res umed callin g and 
regained a territory (Fig. 4.9). Larger males were able to sustain 
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greater weight lasses than sma 11 er males before they had to stop 
calling and begin foraging (Figs. 4.8 and 4.9). 
These observations imply that territorial males do not feed 
as often or as much as satellites. Ten satellites and ten 
territorial males were killed for histology (4.3.2). The stomachs 
of all ten satellites contained food while only six of the callers 
had food 1n their stomachs. 
Although satellites were usually small males, some were 
l a r g e ma l e s ( i dent i f i e d by ti bi a l en gt h ) that had l o st con di t i on 
(weight) while maintaining a territory (Fig. 4.6). For example, on 
31 October 1979, individual No. 10007 was a large (T.L. = 10.00 mm) 
territorial male weighing 2.25 g, but by 25 November 1979 it had 
lost 31% of its original weight and was a satellite (T.L. = 10.00 
mm, wt.= 1.55 g). The largest satellites tended to associate with 
the largest males (Fig. 4.10). This trend is shown by weights, but 
not by tibia length, which is not surprising because some satellites 
were large males that have lost weight. 
In my field observations I did not see any satellite 
intercepting a female on its way to a territorial male. I kept 12 
males in an aquarium, 0.5 m x 0.25 m, (96 males m-2) in the 
l ab or at o r y • The re we re on l y two ca 11 e rs , t he two he a vi e st ma l e s , 
and each had up to four satellites. Even at this high density, the 
satellites did not intercept females that were moving towards one of 
the calling males. If a calling male was remove d from the tank one 
of the satellites began calling. Indeed, this was how I found most 
satellites in the field. When I collected a territorial male for 
we i g hi n g , me a s u r i n g an d ma r k i n g , t he sate l l i t e began ca l 1 i n g a ft e r 
two or three minutes silence from the resident. 
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Avoidance of predators is often considered to be a function 
of spacing or of the selection of calling sites (Krebs 1971; Davies 
19 7 8 ; Ryan et a 1 • 19 81 ) • The 1 a r ge hy 1 i d s , Li tori a au re a and L • 
raniformis, are frog predators (Humphries 1979). I maintained two 
fasted l=_ aurea in an aquarium with ten Uperoleia rugosa for 14 
days. At the end of the experiment none of the~. rugosa had been 
attacked. Humphries (1979), in his description of the diet of L. 
aurea and L. raniformis, confirms that these hylids, while preying 
on other frogs, do not prey on~- rugosa. Other potential predators 
are brown snakes (Pseudonaja textilis), but they are probably 
unimportant because, in three breeding seasons I saw only one 
juvenile snake foraging at night. There was probably no predation 
by diurnal predators such as herons, because the males call at night 
and shelter during the day. On six occasions I observed the carabid 
beetle, Chlaenius darlingensis, attacking and consuming recently 
metamorphosed juveniles of~- rugosa as they emerged from the ponda 
The beetles probably do not attack adults because they mainly 
scavenge at the edge of the pond where there are few calling males 
(personal observations, pers. comm. B.P. Moore, CSIRO Division of 
Entomo 1 ogy). 
4.3.2 Testes Weights and Histology 
The me a n we i g ht of t he t e st e s o f ten sate 11 i t e s w a s l e s s 
than that of ten territorial males, but p>0.05 (Table 4.1). The 
mean weight of the fat associated with the testes and kidneys from 
five satellites was greater than that from ten territorial males but 
again, p>0.05 (Table 4.1). Sections of the testes of five 
satellites and ten territorial males appeared to be identical, and 
there was apparently the same level of spermatogenesis (Fig. 4.11). 
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4.3.3 Nearest-Neighbour Analysis 
The distribution of males on two nights (Fig. 4.12a, b) 
illustrates the clumping of calling males. Four satellite males are 
shown on the maps; more were probably present but, as satellites 
did not call, they were rarely found. Satellite males were not used 
in the nearest-neighbour analysis. The nearest-neighbour di stances 
of calling males from both nights were combined to increase the 
sample size for the analysis. All the distances are shown in Figure 
4.13, and it is clear that the population was aggregated. A value 
for c of 10 m2 , which is twice w, was chosen to test for 
interaction and for regular distribution within the clumps. The 55 
distances in the truncated sample (w = 4.6818, var (w) = 7.0830) 
were then transformed. Their distribution and the rectangular 
random distribution are plotted in Figure 4.13. There are no values 
in the lowest class. Hence Z = 55/3. /55 = 2.472, which shows a 
departure from a random distribution at P<0.01. 
The sample statistics and estimates of the theoretical 
t e r r i tor y r a di u s , w a , f o r ma l es ca l l i n g i n the open an d i n t hi ck l y 
vegetated calling sites are given 1n Table 4.2. The estimated 
territory radius of 0.68 min thick vegetation is smaller than that 
f o r ma l e s i n t he open ( 1 • 2 8 m ) , w hi ch i s what wo u l d be expected i f 
the territories are maintained acoustically. The pooled data 
yielded an intermediate territory radius of 0.79 m. The variation 
(/11~2') of each of these estimates is large; but these are the 
upper limits of the estimated standard errors that are based upon 
the untruncated sample of nearest-neighbour distances (Pielou 1962). 
The nearest-neighbour distances of males in vegetation \'/ere shorter 
(r = 1.89m, var (r) = 0.55 m, N = 31) than those of males 1n more 
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open calling sites (r = 2.74 m, var (r) = 0.94 m, N = 33) (t = 3.90, 
p< 0.001). 
4.3.4 Acoustic Spacing 
When considering acoustic interactions, it is clearly 
important to know the sound radiation pattern from calling males and 
the attenuation of their calls in different habitats. The sound 
radiation pattern of U. rugosa was uniform in all directions (Fig. 
4.14). Attenuation of the call with distance closely followed the 
inverse square law (Michelsen ·197[), and the call intensity at 25 cm 
from males in vegetation was lower than that of males in the open 
(Figs. 4.14 and 4.15). Figures 4.14 and 4.15 are based on the two 
individuals indicated by stars in Figure 4.12b. To measure the SPL 
of every male in the chorus would have caused too much disturbance 
and so reduced the accuracy of the map. The SPL 1 s of the calls of 
males in different habitats were measured (at 25 cm from the male) 
on nights when I was not mapping. The SPLs varied greatly, but they 
were attenuated in the same way as those in Figure 4.15. The SPL's 
of calls of males (at 25 cm) 1n open calling sites were higher (mean 
91 • 0 dB , SE - 0 • 6 an d + 0 • 5 dB , N = 15 ) than those of ma l e s at 
vegetated sites (mean 86.7 dB, SE -0.6 and +0.6 dB, N = 15) (t = 
5.24, p<0.001). 
There was little variation in the SPL of an individual's 
call measured at 25 cm: the coefficients of variation of a sample 
of 15 calls of each individual were below 5%; most were below 2%. 
There was, however, much variation in the mean SPL among males 
(range 79 to 94 dB, x = 88.8, SE -0.6 and +0.5 dB, coefficient of 
variation 40%, N = 45). The mean SPL of the ad vertisement call of a 
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male was not correlated with tibia length (r = 0.16, p>0 .2, N = 46), 
we i g ht ( r = 0 • 2 2 , P< 0 • 1 , N = 4 6 ) o r wet bu l b temp e rat u re ( r = 0 • 12 , 
p<0.2, N = 37) (Chapter 3). These correlations remained 
insignificant when the effect of attenuation by vegetation was 
included. 
When advertisement or encounter calls were played back to a 
; 
territorial male, three distinct behavioural responses occurred, 
each in response to a particular sound intensity (Table 4.3). In 
each experiment, the stimulus was begun at 45 dB (measured at the 
resident male). The resident did not respond until advertisement 
calls were played back at a mean SPL of 76 dB or encounter calls at 
a mean of 58 dB. The resident then alternated his call with the 
stimulus (antiphonal response). The resident stopped producing 
advertisement calls and changed to encounter calls when the 
advertisement call stimulus reached 84 dB or the encounter call 
stimulus reached 67 dB. The resident produced encounter calls until 
the advertisement call reached 91 dB or the encounter call reached 
68 dB. The male then either stopped calling and retreated from the 
calling site (flight); or continued producing encounter calls, 
approached the loudspeaker and climbed into the cone or moved around 
the speaker apparently searching for an intruder. When a silent 
male was tethered in front of the loudspeaker it was attacked by the 
searching male. This response was therefore called the fight or 
flight response. 
When the advertisement call was the stimulus, there were 
large differences between the stimulus intensity levels that evoked 
each of the three classes of response: antiphonal calling, change 
to encounter call, and fight or flight (t = 12.33, p < 0.001, and t = 
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5.21 p<0.001, respectively). There were no ,such differences when 
the playback stimulus was a sequence of encounter calls (t = 1.90, 
p>0.05 and t = 0.26, p>0.05 respectively). The behavioural response 
ihresholds for encounter calls were all lower than those to 
advertisement calls (Table 4.3). The difference between the 
effective stimulus intensities of the advertisement calls and those 
of encounter calls were initially attributed to the failure of the 
sound level meter to accurately measure the briefer encounter calls 
(Chapter 3). The fast RMS values obtained for a given intensity 
depend on signal duration and envelope shape (Gerhardt 1975). The 
peak SPL values of the advertisement and encounter calls were, 
however, the same for the recordings of 15 animals measured 1n an 
anechoic chamber. The peak SPL's of both types of call were 17 or 
18 dB higher than the corresponding fast RMS values. Hence 
territorial males responded to encounter calls at lower intensities 
than they did to advertisement calls. 
4.3.5 Density Limitation 
The numbers of calling and satellite males 1n the two 
enclosure experiments are shown in Fig. 4.16. The males are ranked 
in order of increasing weight and size (tibia length), although only 
weight is shown in the figure. Two points emerge clearly. First, 
the density of territorial (calling) males was limited to six or 
seven in both experiments; the remaining males were satellites that 
occasionally attempted to call but could not maintain a territory. 
Second, the territorial males were usually the largest and heaviest 
(Fig. 4.16). 
Presumably in these experiments, the number of territories 
was maximal, and the territories should therefore have been of the 
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minimum size. Only six or seven males were territorial. Most of 
the enclosure, however, was unoccupied, perhaps because during the 
drought the parts of the enclosure away from the water were too 
dry. In both experiments each territorial male called from the same 
site for the duration of the experiment (Fig. 4.17). During the day 
most of the males sheltered under the two logs marked A and B. The 
area of the enclosure utilised by the males was therefore about 10 
m2• The mean distance between calling males 1n the two 
experiments was 1.35 m. 
4.3.6 Settlement Timing and Density 
In further experiments, twelve males were released 
simultaneously in one enclosure while another twelve males were 
released over six days 1n a second enclosure. The experiment was 
repeated three times, but on two occasions none of the males called 
in either enclosure. These experiments probably failed because the 
enclosures were too dry during the drought. The results of the 
third experiment are given in Table 4.4. These results should be 
treated with caution because the males apparently did not settle in 
the two enclosures at Calasoma as well as they had in the large 
enclosure at Oakdale. Yet more males called in the enclosure in 
which the males were released simultaneously. The difference 
between the synchronous and asynchronous settlement cannot be 
stat i st i ca 1 l y tested a s on 1 y one exp e r i men t w a s s u cc e s sf u 1 • It 
appears, however, that the males exercise some site fidelity, at 
least 1n the short term, and do not move to accommodate the 
territories of newcomers. 
4.4 
4.4.1 
DISCUSSION 
Breeding Activity 
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Temperature has usually been considered the major factor 
controlling the breeding activity of frogs (Salthe and Mecham 
1974). The breeding seasons of species in higher latitudes are 
usually later in the year and shorter th~n those of semi -tropical 
and tropical species. Rainfall and temperature are also thought to 
modify and synchronise ovarian and testicular cycles (Redshaw 1972; 
Obert 1976, 1977). The stimulus for breeding is thought to be 
rainfall (Salthe and Mecham 1974); but in cool or wet c limates, 
temperature (Van Gelder and Hoedemaekers 1971; Dankers 1977) or 
temperature and moisture (Blair 1960, 1961; Heusser 1960) are 
considered more important. Alternatively, olfactory stimuli such as 
algal metabolites may trigger the breeding of permanently aquatic 
species (Savage 1935, 1961, 1965). 
Humphries (1979) examined the effects of several climatic 
parameters on the migration of six of the species occurring at 
Oakdale, including Uperoleia rugosa. He used multiple linear 
regression and, despite the fact that the significant variables were 
strongly non-linear, obtained regressions that accounted for much of 
the variance in the data. The factors that influenced the migration 
of ~- rugosa, in order of importance, were: pond level, photo-
period, and temperature (Humphries 1979). _ The best predictor of 
migration was pond level. Clearly, frogs cannot predict pond levels 
before they migrate, but pond level is correlated with the level of 
soil moisture (Humphries 1979). A moist microclimate therefore 
seems to be of paramount importance in frog migration. Humphries 
(1979) monitored migration with a drift fence trap, and did not 
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examine the breeding activity of individuals. In the present study 
not all the migration was recorded. Instead I concentrated on the 
chorus activity of individual males. Rainfall had a profound effect 
on male calling (Fig. 4.3). Males called mainly after rain, and 
their activity was reduced if there was no further rain. The 
importance of rainfall was presumably made greater than usual by the 
drought. Low temperatures and gusty winds lowered calling activity 
even when there had been recent rain. 
It has been proposed recently that predation, particularly 
by bats, determines the spatial distribution and calling activity of 
the males of a neotropical leptodactylid, Physalaemus pustolosus 
(Ryan et al. 1981 and personal communication). The Australian bat 
Macroderma gigas, eats frogs (Tyler 1976; Vestjens and Hall 1977), 
but this bat does not occur as far south as Canberra, and none of 
the local bats prey on frogs (Vestjens and Hall 1977; personal 
communication C. Tidemann, Zoology Department, ANU). Calling males 
of Uperoleia rugosa are not preyed upon by the large hylids, Litoria 
aurea and L. raniformis (4.3.1; Humphries 1979), probably because 
the parotoid glands of~- rugosa produce potent toxins (Erspamer et 
al. 1975). Juvenile U. rugosa are eaten by the carabid, Chlaenius 
darlingensis. This 1s the first record of this carabid eating 
frogs, although another carabid, Catadromus lacordairei, which is 
present at Calasoma, eats Limnodynastes tasmaniensis and Litoria 
ewingi (Littlejohn and Wainer 1978). Predation by beetles is, 
however, unlikely to exert selection pressure on the spacing of 
calling male~- rugosa, because Chlaenius darlingensis forages where 
few males call, and Catadromus lacordairei 1s rare. 
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The sate 11 i t e ma 1 e s di d n o t ma i n ta i n t e r r i tori es , but i f 
the territorial male with which they were associated was removed 
some started calling. Satellites were the smaller males and they 
had little reproductive success although they were capable of 
fertilising females (Fig. 4.11). Satellites gained weight during 
the breeding season, whereas the territorial males fed less and lost 
weight while maintaining their territories (Figs. 4.8, 4.9). The 
information on body fat is based on few observations. A reasonable 
hypothesis is that being a territory holder is considerably more 
energetically expensive than being a satellite (McNally 1981). 
The heavier territorial males were the most reproductively 
successful (Fig. 4.6) and had the heaviest satellites associated 
with them (Fig. 4.10). Satellites associated with reproductively 
successful males would be able to call whenever the resident was in 
amplexus with a female. The largest satellites may actively select 
the largest territorial males by using the dominant frequency of 
their calls as a cue to body size (Chapters 3 and 5). Alternatively, 
the sizes of satellites and territorial males may be correlated 
because larger males win fights (Chapter 5), and the satellite may 
simply be the former resident that was displaced by the larger 
present resident. I defer discussing the strategies adopted by 
satellites and territorial males until Chapter 7 because they are 
influenced by fighting and female choice which have yet to be 
described (Chapters 5 and 6). 
4.4.2 Acoustic Spacing 
The spatial distribution of calling males appeared to be 
based on the sound intensity of the calls of their conspecific 
73 
neighbours. The calls of male U. rugosa had a uniform sound 
pressure field and their attenuation closely followed the inverse 
square law (Fig. 4.14 and 4.15). The only other published sound 
pressure fields of anurans are those of three North American species 
(Gerhardt 1975). Gerhardt found sound propagation by Hyla 
chrysoscelis and by Bufo americanus to be directional, while H. 
crucifer had a uniform sound field. The intensity of a call 
probably is a product of the power of the body wall musculature 
(Littlejohn 1977, and personal communication). The SPL 1 s of B. 
americanus are positively correlated with body size (Gerhardt 1975). 
There was, however, no correlation of SPL with body size or weight 
in U. rugosa, nor was there any correlation with ambient temperature. 
Nearest-neighbour analysis demonstrated that calling males 
were aggregated, and that within aggregations their distribution was 
regular (Fig. 4.13). Frogs calling in a group can advertise 
themselves much more continuously than can a single male. In 
addition, the vocalisations of large groups of calling frogs can 
apparently be heard further away than the vocalisations of 
individuals or smaller groups of frogs (Griffin and Hopkins 1974). 
Similarly, large groups of displaying grouse (Tetraonidae) produce 
advertising signals with greater carrying power than the signals of 
smaller groups (Hjorth 1970). The calls from a group of calling 
males can therefore be heard further away than the calls of a single 
male. Hence choruses presumably can attract females from a larger 
a re a than can the ca l 1 s of i so 1 ate d i n di vi du a 1 s • I f so , ma ·1 e s 
calling in a large chorus should benefit from the vocalisations of 
the other males, because the chorus increases the probability that 
females will approach them. 
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Once a female has reached the chorus it is advantagfous for 
each male to be acoustically distinct from its neighbours. A female 
can then detect and select him as a possible mate (Whitney and Krebs 
1975a,b). The playback experiments (Table 4.3) demonstrated the 
role of sound intensity in the maintenance of a male's separation 
from others. A territorial male would not tolerate a calling 
neighbour if the intensity of the neighbour's advertisement calls 
exceeded 84 dB (Table 4.3). If an intruder were close enough for 
its call intensity to be perceived at higher than 84 dB, the 
resident changed to encounter ca 11 s which presumably warned the 
intruder that it was too close. The minimum distance between males 
was thus determined by this SPL. The sate 11 i te ma 1 es were very 
c 1 o se to t e r r i tori a 1 ma l es ( Fi gs • 4. 5 , 4 • 1 2 ) , but t hey di d not ca 11 
and were ignored by the residents. 
Males calling in vegetated areas were closer than those in 
the open. This was evidently because the attenuation of calls was 
greater 1n vegetation and therefore 84 dB was equivalent to a 
shorter distance. The attenuation of sound 1s greater 1n dense 
vegetation, such as reeds, than over open ground, because there was 
greater reflection and absorption of sound in the more complex 
habitat (Morton 1975; Wiley and Richards 1978). The area and the 
shape of the territory therefore depends on the density and 
distribution of vegetation around the calling site. In homogeneous 
habitats, the minimum territory would be a circle with a radius 
equivalent to a mean SPL of 84 dB; whereas 1n heterogeneous 
habitats, the attenuation of the call would not be uniform and the 
shape of the territory must vary accordingly (Fig. 4.18). 
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If all males produced calls at the same intensity it would 
be possible, by using the 84 dB threshold and the inverse square 
law, to calculate the minimum areas of male territories in different 
habitats. There was little variation in the SPL of calls from an 
individual male, but there was much variation among males. The area 
of the territory therefore has to be calculated separately for each 
male. The call attenuation for two males (Fig. 4.15) shows that 84 
dB is equivalent to a minimum territory radius of 0.38 m for the 
male calling in dense vegetation and 0.72 m for the male calling in 
the open. These distances are both 56% smaller than the territorial 
radii calculated from the nearest-neighbour analysis (0.68 m and 
1.28 m respectively) (Table 4.3). This finding is not surprising, 
because the nearest-neighbour estimates were based on 55 males with 
different call intensities, and whose calling sites varied in the 
density of vegetation. 
Why did some males call from vegetated sites that 
attenuated their calls? The advertisement call attracts gravid 
f e ma 1 e s ( Ch a pt e r 6 ) , an d s u ch ma 1 e s may ha v e reduced t he i r ch an c e s 
of attracting a mate. Males calling 1n vegetation were also more 
di ff i cu 1 t to 1 o cat e a co u st i ca 1 l y , at l ea st f o r a human ob s e r v e r • 
Males that called in vegetation may, however, have be nefited from a 
more favourable microclimate. The body temperature of a frog mainly 
depends on the substrate and the ambient air temperatures (Tracy 
1976). On cold nights or late at night, when it was colder, most of 
the males that were calling were in vegetation, while the males at 
open calling sites were silent. Males calling 1n vegetation could 
thus compensate for the greater attenuation of their calls by 
calling for a greater part of the night and could also call more 
often, because call rate is temperature dependent (3.3.1). 
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The advertisement call was not the only means of 
ma i n ta i n i n g a t e r r i to r y • At c 1 o s e r a n g e , when t he ca 11 s o f a n 
intruder were perceived by the resident at intensities greater than 
84 dB, the resident changed to encounter calls. If the encounter 
call failed to repel an intruder the resident either left the 
calling site or attacked the intruder (Chapter 5). Hence most of 
the long range territorial interaction between two males was 
acoustic. Vision seemed to play little part in spacing for, even 
when f i g ht i n g , ma 1 e s 1 o cat e d ea ch o the r by p hon o tax i s (Ch a pt e r 5 ) • 
The sequence of behavioural responses to a calling intruder in U. 
rugosa is very similar to that of other anurans (Rosen and Lemon 
1974; Whitney and Krebs 1975a; Harrison 1976; Fellers 1979a; 
Gambs and Littlejohn 1979; Littlejohn and Harrison 1981). For 
example, the advertisement call of Geocrinia victoriana is biphasic 
and consists of a long introductory note, followed by a series of 
shorter repeated notes (Littlejohn and Martin 1969; Littlejohn and 
Harrison 1981). Territorial males respond to the playback of the 
introductory note received at intensities greater than about 100 dB 
peak SPL (PSPL), by changing from advertisement calls to a different 
vocalisation, the long call, and approaching the sound source and 
exhibiting agonistic behaviour (Littlejohn and Harrison 1981). 
Playback of the repeated notes had an excitatory effect on the 
production of advertisement calls when the subject perceived them at 
intensities less than 100 dB PSPL; and a slightly inhibitory effect 
on t he product i on o f ad ve rt i semen t ca 1 1 s when rec e i v e d at hi g he r 
intensities. The first part of the advertisement call is therefore 
a first level territorial signal that is directed at nearby males 
and maintains the regular spatial distribution of calling males; 
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while the second part of the advertisement call attracts conspecific 
f e ma l e s to t he ca l l i n g s i t e • The l on g ca 11 i s a sec on d l e v e l 
territorial signal or encounter call (Whitney 1980), that emphasises 
the occupation of the calling site to a calling intruder (Littlejohn 
and Harrison 1981). 
The present study gives the first evidence that particular 
sound levels induce the different kinds of territorial behaviour. 
The response of a resident male to an increase in the SPL of an 
approaching intruder, or to an increase in the volume playback 
stimulus, is represented as a graphical model in Figure 4.19. The 
SPL values for the advertisement call as a stimulus are shown in the 
model. The sequence of behavioural responses to the playback 
experiments were identical in more than 100 observations of calling 
intruders approaching territorial males. Either both males changed 
to encounter calls and approached each other and fought, or one of 
the males stopped calling and retreated (Chapter 5)e 
The mode l ( Fi g • 4 • 19 ) can be u s e d to i n t e r p re t t he spa c i n g 
of other anurans. For example, Wells (1977c) considered that the 
size of the territories of Rana clamitans depended on the density of 
cover, because males had smaller territories in dense vegetation 
than in more open areas. An alternative explanation, which can be 
tested, is that males space acoustically and the territories are 
smaller in dense vegetation because vegetation attenuates calls. 
~ 
Table 4.1 The testis weights and the weight of fat associated with the 
testes and kidneys of territorial and satellite males of 
Uperoleia rugosa. Neither t-value is significant (p >0.05). 
Territorial males Satellite males 
N mean SD N mean SD t 
Testis weight (mg) 
I 
Fat weight (mg) 
10 
9 
3.29 
17.42 
0.86 
15.03 
10 
5 
2.69 
22.77 
1.13 
18.00 
1.329 
0.597 
~ 
Table 4.2 Nearest-neighbour statistics and estimated territory radii of males of Uperoleia rugosa 
calling in thickly vegetated and open habitats. Only squared nearest-neighbour distances (w) less 
than 10 m2 are used in the analysis; wand var (w) are the mean and the variance of the 
truncated distances from the two habitats. The Poisson parameter A, is the mean number of animals 
that occur in a circle of 1 m radius, and wa and ll/NA2; are the territory radius and its 
maximum standard error in m2. The territory radius in mis therefore~. 
Habitat 
Thick vegetation 
Open 
Combined 
N 
29 
26 
55 
-
w 
3.6517 
5.8308 
4.6818 
var (w) 
6.1208 
5.8422 
7.0839 
A 
0.2238 
0.0029 
0.0872 
wa 
0.4636 
1.6271 
0.6263 
/1/NA 2' 
0.8297 
66.6263 
1.5463 
Estimated 
territory 
radius (m) 
0. 68 
1.28 
0.79 
~ 
Table 4.3 The sound pressure levels (fast RMS, C-weighted) that evoked antiphonal calling, encounter calls 
and fight or flight in playback experiments in which advertisement or encounter calls were used as stimuli. 
SE- and SE+ are the standard error limits of the means, and cv is the coefficient of variation (%). 
Antiphonal calling 
Encounter calls 
Fight or flight 
mean 
75.7 
I 84. 3 
91.4 
Stimulus SPL dB 
Advertisement Call 
SE-
0.8 
0.4 
1.0 
SE+ CV 
0.7 
0.4 
0.9 
38 
18 
45 
N 
20 
19 
18 
mean 
57.7 
66.8 
67.7 
Encounter Call 
SE-
1.6 
3.6 
2.2 
SE+ 
1.3 
2.5 
1.8 
CV 
58 
95 
69 
N 
12 
8 
9 
Difference between 
stimuli 
t 
7.79 
6.38 
6.19 
P< 
0.001 
0.001 
0.001 
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Table 4.4 The number of calling males in two 4 x 4 m 
enclosures each with twelve males of Uperoleia rugosa. 
In one enclosure all the males were released on the 
same day while in the other enclosure two males were 
released each day for six days. The numbers of callers 
were recorded for two successive days immediately after 
each enclosure had received its full complement of 
males. 
Number of males calling 
Days after 
final release 
1 
2 
Simultaneous release 
7 
6 - 7 
Sequential release 
4 - 5 
4 - 5 
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Figure 4.5 A silent satellite male Uperoleia rugosa beside a 
calling territorial male. 
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Figure 4. 10 Scattergrams and fitted linear least-squares regression lines of the 
tibia lengths (left) and weights (right) of satellite male Uperoleia 
rugosa vers us the tibia lengths and weights of territorial males. 
Figure 4. 11 Photomicrographs of transverse 8 µm sections of the 
testes of a territorial (upper} and a satellite 
(lower) male. Both show active spermatogenesis in 
the seminiferous tubules. The bar represents 100 µm 
on both photomicrographs. 
Figure 4.12 Positions of all calling (circles) and satellite (triangles) male 
Uperoleia rugosa on (a) 25 October 1979 and, (b) 26 November 1979. 
The two stars in (b) show- the posi t ions of the two call ers used f or 
SPL measurements for figures 4.15 and 4.16. 
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Figure 4. 13 The upper histogram is the distribution of all 
the sq uared nearest neighbour distances (m2 ) 
between the calling males in figure 4. 12. The 
lowe r histogram is the observed (solid line) and 
random (dotted line) distributions of the trans-
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Figure 4. 14 - The sound radiation fields of males in 
vegetated (squares) and open (circles) 
calling sites. The data are from the 
males indicated by stars in figure 4. 12. 
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Figure 4.16 The number of calling an d satellite mal e Uperoleia 
rugosa in two experiments in which the calling 
activity of 20 marked males,- in a 50 m2 enclosure, 
was monitored for eight successive ni ghts. The 
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Figure 4. 1 7 Stability of territories. The calling positions .of six .males in the enclosure at Oakdale. 
Males 1, 5, 9 and 13 called in the same positions for at l east six weeks. During the day 
most of the males in the enclosure (N = 20) sheltered un der the logs marked A and B. 
A 
84.3dB 
X----Y 
B 
resident 
Figure 4. 18 Imp licati ons of the playback model on territory 
size and shape, (a) in a homogeneous habita t 
the territories of males X and Y are circular 
with a min imum radius equivalent to 84.3dB. (b) 
In a heterogeneous habitat the size and shape of 
the territory is variable because t he excess 
attenua tion (excluding that _from the inverse 
square l aw ), of the call depends on the density 
of vegetation. In this simple example one half 
of the territory is vegetated (stippling) while 
the other half is open. 
Figure 4. 19 A model illustrating t he acoustic spaci ng of males of Uperole i a rugosa. 
There is an escalation in the response of the resident to an increase in 
the sound intensity (SPL) of an approaching intruder's calls, or to an 
increase in the volume of the playback sti mulus. There are three thres-
hold SPL's at which the resident changes his calling behaviour, call 
type and f i nall y attacks or retreats. For t he playback of adverti seme nt 
calls t he mean sound intensity of the stimulus at each t nreshold is given 
by the i ntercep t of the vertical l i nes with the ab scis sa , the st an dard 
devia t i on by the horizontal line across the mean , and the standa rd error 
by the re ctangle . The sample size for each~ .~h~f .. sh ~~d~.,was 20, 19 an d 18 
respective ly. See te xt fo r deta ils. (Af t er Harri son 19 76 ). 
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CHAPTER 5 
INTRASEXUAL SELECTION: FIGHTING AND FIGHTING ASSESSMENT 
It is surpr1s1ng that these animals have not 
acquired more strongly marked sexual characters; 
for though cold blooded their pass-ions are strong. 
Darwin (1871) on frogs 
5.1 INTRODUCTION 
Male combat is widespread among both vertebrates and 
invertebrates (Brown 197~; Wilson 1975; Barnett 1981). The 
prevalence of fighting and territoriality among anurans is discussed 
in 4.1. Fighting is expensive in terms of time, energy and risk of 
1nJury, which is thought to be the reason why most animals, 
particularly those possessing armaments, tend to settle disputes 
with conventional displays and only rarely fight (Tinbergen 1951; 
Geist 1971; Wilson 1975). Such displays often involve exaggerated 
movements (Simpson 1968; Wi 1 ey 1970), repeated vocalisations 
(Thorpe 1961; Krebs 1977), or a combination of both (Wells 
1977b,c; Clutton-Brock et al. 1979). A common group selectioni st 
explanation for these displays is that they evolved to promote the 
survival of the species because they prevent the injury of the 
combatants (Wynne-Edwards 1962; Huxley 1966; Lo re n z 19 6 6 ) • A 
simpler explanation, at the individual level, is that fighting is 
rare because it occurs only when the potential benefits of winning 
outweigh the costs of the fight (Maynard Smith and Price 1973; 
Parker 1974; Maynard Smith 1974b, 1976; Maynard Smith and Parker 
1976). 
There would presumably be a considerable selective 
advantage in fighting assessment, that is, the ability of a 
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combatant to assess its rival's fighting ability. Males would 
either fight more vigorously or retreat on the basis of that 
assessment. The criterion for fighting assessment must be a 
reliable indicator of fighting ability, or some i'ndividuals might 
"bluff" and exaggerate their real fighting ability, with the result 
that the criterion would be evolutionarily unstable (Maynard Smith 
and Price 1973; Parker 1974; Zahavi 1975, 1977; Maynard Smith 
1974b, 1976; Maynard Smith and Parker 1976; Dawkins and Krebs 
1978). Size or the possession of larger offensive weapons may be 
used as reliable cues because they are clearly linked with fighting 
ability and they are difficult attributes to mimic. For example, 
small hermit crabs retreat from larger rivals without fighting 
(Hazlett 1968); and 1n some species of ungulates, the males do not 
fight with rivals that have larger horns or antlers than their own 
(Geist 1971; Clutton-Brock and Albon 1979; Clutton-Brock et al. 
1979). Vocalisations may also be used as reliable cues for fighting 
assessment (Morton 1977). The dominant frequency of the 
vocalisations of birds, mammals and frogs depends in part upon the 
ten s i on , l en gt h an d th i ck n e s s of t he vi b rat i n g membranes ( 3 • 4 ) • 
Larger animals produce calls of lower frequency; and frequency is 
therefore a reliable indicator of size, and hence of the fighting 
ability of a rival. 
In a w i de v a r i et y of a n i ma l s t he re i s e vi den c e t hat t he 
temporal or spectral features of displays are related to fighting 
ability or social rank (Watson 1970; Geist 1971; Watson and Miller 
1971; Rand and Rand 1976), yet there is little empirical evidence 
of fighting assessment. To my knowledge, only two experi mental 
studies, on deer and toads, have shown that vocalisations are used 
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i n f i g ht i n g a s s e s s men t • Du r i n g t he rut , red dee r st a gs ( Ce r vu s 
elephas) compete for hinds with roaring contests in which the 
opponents are described as attempting to match each others calling 
rate (Clutton-Brock and Albon 1979; Clutton-Brock et al. 1979). 
Roaring is exhausting, and playback experiments showed that stags 
will increase their rate of roaring in response to a tape recording 
in which the rate of roaring is gradually increased, but will 
retreat once the tempo of the recorded roars becomes too fast 
(Clutton-Brock and Albon 1979). 
Similarly, male European toads (Bufo bufo) apparently use 
the frequency of adversaries' calls to determine whether to contest 
access to gravid females (Davies and Halliday 1978). Amplexing 
pairs of toads are attacked by single males that attempt to displace 
the clasping male (Davies and Halliday 1978, 1979). When attacked 
the defending males produce release calls (3.1.1), the fundamental 
frequency of which is inversely correlated with their size. In a 
series of experiments the defending males were muted and their calls 
replaced with recordings of either high or low frequency calls 
(Davies and Halliday 1978). Hence it \-Jas possible to associate 
large males with high frequency calls and small males with low 
frequency calls. Attacks were more frequent and persistent when the 
calls indicated that the defender was smaller than the attacker. 
However, once a fight began, other cues, such as the strength of the 
defender's kicks, were apparently used as a more reliable indicator 
of size, because males did not continue attacking larger defenders 
despite their artificially high frequency calls (Davies and Halliday 
197 8). 
Possession of a territory is thought to affect the outcome 
of a dispute because the resident has more to gain from the 
85 
territory than an intruder (Parker 1974; Maynard Smith and Parker 
1976; Dawkins and Krebs 1978). The intruder has no experience of 
the territory, whereas the resident is familiar with the location of 
all the resources, and if ousted, would have to spend considerable 
time re-establishing itself in an unfamiliar area. Resident birds 
(Krebs 1977), fish (Phillips 1971; De Boer and Heuts 1973), and 
some frogs (Wells 1977b and c; and references in Section 4.1), 
usually win territorial disputes. 
5.2 METHODS 
5.2.1 Observations of Natural Fights 
Fighting males produce encounter calls, and most fights 
were detected by locating the source of an exchange of these calls. 
Fights were timed with a stopwatch. Observations were made with an 
electric headlamp controlled by a rheostat, or red-filtered, because 
dim or red light had no observable effect on the beha vi our of the 
frogs. Once the fight ended the time was noted, and the winner and 
loser were identified, weighed and measured. 
5.2.2 
ca 11 s; 
Territoriality and Fighting Success 
Most fights were found by locating the source of encounter 
I was therefore usually uncertain which male was the 
resident and which was the intruder. I therefore induced fights by 
pl a c i n g terr i tori al males i n the terr i tori es of other ma l es ( w i th i n 
30 cm of each other). This procedure often temporarily silenced the 
resident. When the resident recommenced calling; the intruder 
responded with encounter calls which led to an interaction. In 
these fights the status of the two males was known. 
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5.2.3 Fighting Assessment 
The playback apparatus (4.2.5; Fig. 4.2) was used to 
present territorial males with recordings of advertisement calls 
that were higher or lower in dominant frequency than their own. 
Some data came from the experiments on acoustic spacing in which an 
advertisement ca 11 of average dominant frequency was used as a 
stimulus (4.3.4). In further experiments a recording of either a 
low frequency or a high frequency advertisement call was played back 
to a territorial male. The parameters of the three calls are given 
1n Table 5.1. Each experiment began with the stimulus being played 
back at 45 dB, which was below the typical background noise level of 
about 50 to 65 dB. After every 5 vocalisations produced by the 
resident male, the intensity of the stimulus was increased by 1 dB. 
5.3 RESULTS 
5.3.1 Male Encounters and Fighting Behaviour 
Encounters were common: I have observed 220 exchanges of 
encounter calls over three breeding seasons. This total is an 
underestimate for two reasons. First, encounter calls, the means by 
which fights were detected, are soft calls, and exchanges are 
audible only at less than 10 m. Second, when conducting playback 
experiments or observing particular animals, - I could not monitor the 
rest of the population. 
The encounters were of two types: (i) a display which 
occurred when two males exchanged encounter calls and one male (the 
loser) retreated without contact; (ii) a fight which occurred when 
two males came into contact; there was then a wrestling bout 
between two males after an exchange of encounter calls. 
87 
The temporal occurrence of encounters was not quantified 
because my observations were biased by: (i) uneven coverage of all 
the times males were calling, and (ii) only part of population was 
monitored. Thus only the broad trends are apparent from my 
observations. There were encounters at all times there was calling 
activity, with a peak in the 30 min after sunset, when males were 
producing encounter calls while establishing their territo ri es (Fig. 
4 • 4) • Du r i n g th i s p e r i o d ma l e s we re mo vi n g from the i r day re f u g e s 
to their calling stations, and may have crossed other territories 
while on their way to their own. These interactions were mainly 
displays; or if there were wrestling bouts they were brief (see 
below). There was also a peak in fighting activity on nights of 
heavy rain. Males mi grated to the pond during the rain (Fi~ 4.3), 
and the fights occurred when they reached the territories of 
established males. 
Nat u r al en count e rs o cc u r red when a n i n t r u di n g ma l e ca 11 e d 
close to a territorial male and ignored its encounter calls (4.3.1, 
4 • 3 • 4 ) • The t e r r i tori a l ma l e cont i nu e d to p rod u c e en count e r ca 11 s 
and approached the intruder by rapid walking and short jumps 
( <6 cm). The approach appeared to be phonotactic; the male moved 
in a zigzag fashion, correcting course after each of the intruder's 
calls. Vision seemed to play little part in - the search: often the 
attacking male missed the intruder by a few cm, and turned back only 
when the intruder called again. An intruder had to call to evoke a 
resp on s e from t he re s i dent , s i l en t i n t rude rs s u ch a s f e ma l e s a n d 
satellite males were ignored. 
I have detailed notes on 30 fights and 30 displays in which 
the identity of each male was followed throughout the interaction. 
l 
88 
Displays were much shorter than fights (Fig. 5.1), and usually 
lasted for one or two minutes of encounter ca 11 s before one male 
retreated or remained as a satellite of the winner. Most fights 
(63%) lasted less than 15 minutes, but one lasted 36 min, and 
another lasted 50 min (Fig. 5.1). Larger -males won displays (x 2 = 
19.2, p<0.001, N=30) and also fights (x 2 = 9.14, p<0.01, N=28) 
(Table 5.2). These results accord with the results of the density 
experiments (4.3.5) 1n which only the largest males called in 
overcrowded enclosures. The weight differences between combatants 
are summarized in Fig. 5.2 and Table 5.3. Displays occurred more 
often when males differed greatly in weight, suggesting that males 
tend to avoid encounters with males larger than themselves. This 
was tested with playback experiments (5.3.2). 
Fighting varied 1n detail, but the same movements and 
postures always occurred. The following tape transcript is of a 
typical encounter between a territorial male (A) and an intruder (B) 
on 19 October 1980. Time is given in min:s, and the figures are 
based on black and white photographs, colour transparencies and 
sketches in my field notebooks. 
0:00 
0:10 
0:15 
0:25 
Male A producing advertisement calls. Male 
ca 11 in g 65 cm away. 
A stops calling. 
A produces encounter ca 11 s. 
A starts moving towards B, who i s still 
advertisement calls. A moves in a series 
occasionally giving encounter calls. 
B begins 
producing 
of zigzags 
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1:45 A reaches B1 s calling site but hops past and behind B, 
missing B by about 2 cm. 
1:48 B calls again and A stops about 12 cm away and turns 
around. A stays in this position facing B. 
1:52 B calls again and A gives an encounter call. With two 
rapid hops A reaches and grasps B around the pelvic girdle 
(Fig. 5.3). The hold is very similar to the clasp used in 
amplexus (Chapter 6) but may be around either the pelvic or 
pectoral girdle. B changes to rapid encounter calls which 
alternate with those produced by A. 
2: 00 B attempts to jump forward and break away while A braces 
its legs and pulls backwards (Fig. 5.4). Both males 
continue to produce encounter calls with semi-inflated 
vocal sacs. A's calls are noticeably louder than those of 
B presumably because A is obstructing the shunting of air 
from B's lungs to its vocal sac. 
2 : 3 0 Bot h ma 1 e s st i 11 i n t he same 1 o cat i on a n d g , v, n g en count e r 
ca 11 s. 
4: 3 0 Bot h ma 1 e s s i 1 en t an d no 1 on g e r st r a i n i n g a g a i n st ea ch 
other. 
5:00 Male B lunges suddenly and both males somersault onto their 
backs (Fig. 5.5). B breaks free. 
5:10 A produces encounter calls. 
5:15 B begins encounter calls. 
5 : 2 0 A gr a s p s B i n t he same way a s be f o re a r o u n d t he p e l vi c 
girdle. Both males continue producing encounter calls; 
again those of Bare muffled. 
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6:35 B suddenly lunges forward and the two males somersault and 
land on their backs 15 cm behind where they were. A still 
grasps B. 
6:40 Both males struggling, B trying to move forward and A 
holding B back. 
7:30 
7:50 
8:05 
8:10 
8:45 
8:50 
9: 00 
11:00 
Both males stop moving and are silent. 
B breaks free of A and continues to produce encounter calls. 
A grasps B around the head collapsing B1 s vocal sac (Fig. 
5.6) which muffles B's calls even more than before. 
A produces 1 oud encounter ca 11 s and the occa s i ona 1 
advertisement call. 
B breaks free with a lunge and immediately stops and lies 
flat against the ground 10 cm from A. A continues to 
produce encounter calls. 
A moves in a small circle about 8 cm in diameter producing 
encounter calls. B remains in the same position. 
A begins loud advertisement calls, though interspersed with 
occasional encounter calls. B remains in the same position. 
B moves silently away from the still calling A in a series 
of rapid hops. 
This encounter included all the types of wrestling seen in 
other fights, but there were differences in the sequence of events 
in other fights. A problem after both fights and displays was that 
I had to catch both combatants immediately after the loser stopped 
ca 11 i n g i n ca s e i t es ca p e d be f o re be i n g i dent i f i e d an d me a s u red • 
This meant that the proportion of losers that retreated relative to 
tho s e t hat re ma i n e d a s sate 1 1 i t e s i s u n known . It i s a 1 so u n known 
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whether, after w1nn1ng a fight, intruders remained at the site of 
the fight or returned to their own territories. Observations of 
frogs in enclosures (2.2.2, 4.3.5) suggest that males move back to 
their own territories after a fight. In 1978, I observed the 
largest male in the enclosure at Oakdale ,n nine fights, and after 
each fight this male returned to its own territory. Males in free 
populations were often found calling at their original calling sites 
on the night after a fight in the territory of another male. 
Injuries due to fights were observed on only three 
occasions. A 2.0g male was found dead an hour after a vigorous 22 
min fight with a 2.2g male. Death could not be attributed to the 
fight with certainty; the male, however, appeared in good condition 
apart from broken blood vessels around the throat where it had been 
c 1 a sped du r i n g t he f i g ht • The o the r two i n j u red ma 1 es a 1 so had 
broken b 1 ood ve sse 1 s where they had been c 1 a sped, but they seemed 
unaffected by their injuries and we re subsequently found ca 11 in g. 
Fi g ht s seemed to be ti r i n g : the re we re often 1 on g g a p s i n f i g ht s 
when neither male moved, and after long fights both males were 
slower and appeared short of breath. 
Twenty encounters were started by placing a territorial 
male in the territories of other males to see if residency was more 
important than weight 1n determining the - winner. A male was 
considered to have lost if it retreated after an exchange of 
encounter calls (a display), or if it retreated after a fight. The 
results are presented in Table 5.4. It is clear that size is more 
important than prior occupancy (binomial test, p « 0.001, N=20). 
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5.3.2 Fighting Assessment 
The responses of 39 territorial males to the playback of 
ad ve rt i semen t ca 1 1 s deep e r o r h i g he r i n do mi nan t freq u en c y t ha n 
their own are summarised in Table 5.5. Clearly, males attack or 
retreat on the basis of the dominant frequency of the advertisement 
call (Fisher 1s exact probability test p=2.38x10-8). The three 
advertisement calls used as stimuli also differed 1n pulse 
repetition rate: the lower frequency calls have a low pulse 
repetition rate, high frequency calls a high pulse repetition rate, 
and medium calls an intermediate pulse repetition rate (Table 5.1). 
It would appear that the males could also use the pulse repetition 
rate of an opponents calls as a cue to the weight and hence fighting 
ability of the opponent. The correlation between pulse repetition 
rate and weight, however, is not significant (r=-0.18, N=lOO, 
p>0.05, Table 3.7), and neither is the correlation between pulse 
repetition rate and dominant frequency (r=0.17, N=lOO, p>0.05). 
Males lost weight and consequently changed status during 
the breeding season (4.3.1, Figs. 4.8, 4.9). The dominant frequency 
of the advertisement call can be a reliable cue in fighting 
assessment only if it alters with changes ,n the fighting abilities 
of ma 1 es. I have multiple recordings of only three males at 
different body weights. The regression equations of the 
relationship between body weight and the dominant frequency of the 
advertisement call of these three males are not significant, 
probably because the samples are too sma 11. When the data are 
pooled, however, the elevations are different (F,1,10 = 5.08, 
p<0.05), but the slopes a re the same (F,1,10 = 0.41, p>0.05), and 
the combined slope 1 S significant (t 10 = 2. 2 5, p<0. 05) (Fi g. 
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5.7). The combined slope was then compared with the regression for 
a 1 1 ma 1 e s ( y = 2 • 7 8- 0 • 2 9 x , r = - 0 • 7 6 , p < 0. 0 0 1 , Fi g • 3 • 11 b ) , a n d f o u n d 
to be different (t=3.962, p<0.001). Changes in the weight of an 
individual male therefore affected the dominant frequency of his 
calls. However, the rate of change of dominant frequency with loss 
of weight 1n an individual is less than that found in the whole 
population sample of males, which was derived from single 
observations of the weights of 100 males and the dominant frequen cy 
of their advertisement calls (Fig. 5.7). 
There are interesting differences between the three stimuli 
used in the experiments on fighting assessment (Table 5.6). Calls 
of medium frequency used in the experiments on acoustic spacing 
(4.2.5) showed that particular stimulus intensities evoked three 
responses: antiphonal calling, encounter calls, and flight or fight 
(Fig. 4.19). There was no difference between the intensities of the 
three stimuli that evoked antiphonal calling, although the high 
frequency calls varied more than the others (Table 5.6). Encounter 
calls were evoked by medium and low calls of the same intensity 
(t=0.15, p>O.l), but this threshold intensity was about 6dB higher 
than that of high frequency calls (t=6.42, P<0.001). This 
difference suggests that territorial males challenge smaller 
intruders more readily than larger ones. 
There was a difference between the intensities that evoked 
the antiphonal and encounter call responses for all three sti muli 
(medium frequency stimulus: t=l2.15, p<0.001; low frequency 
stimulus: t=6.79, p<0.001; high frequency sti mulus : t=2.ll, 
p<0 .05) (Table 5.6). Only in response to medium frequency calls was 
there a difference between the intensities that evoked encounter 
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calls and flight or fight (medium calls: t=5.21, p<0.001; low 
calls: t=l.03, p>O.l; high calls: t=l.55, p>O.l). When medium 
calls were the stimulus the loudspeaker represented an average sized 
male to which the experimental animal gave a full display of 
encounter calls before it could be induced to attack or retreat. 
When low or high calls were used as a stimulus, the speaker 
represented either a much smaller (high calls) or larger (low calls) 
i n t rude r t ha n the exp e r i men ta 1 an i ma 1 • Ma 1 e s t hen di s pen s e d w i th a 
long display and quickly retreated or attacked the speaker. This 
interpretation is supported by the differences between the three 
stimuli in the intensity that evoked the fight or flight response. 
Fight or flight was evoked at 91 dB by medium frequency calls 
(4.3.4, Table 5.6), which was about 4 dB higher than low frequency 
calls (t=2.06, p<0.05) and about 9 dB higher than high frequency 
calls (t=4.00, p<0.001). Males attacked smaller males or retreated 
from larger males after little_ stimulation whereas they displayed to 
similar sized males and attacked or retreated only after 
considerable stimulation. 
5.4 DISCUSSION 
Both displays and fights were frequent. These behaviours 
have not been described previously for Uperoleia rugosa. The 
encounters were essentially territorial: they were caused by a male 
moving too close to the territory of another male, and calling. 
Attacks on silent intruders, satellite males or females, were never 
observed. 
Displays occurred when there was a substantial difference 
1n the weights of the opponents. Fights were more likely between 
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males of similar size (Fig. 5.2, Table 5.3). This finding suggests 
that males tend to avoid encounters with larger males. By fighting 
with a larger opponent, a male risks injury and wastes time and 
en e r gy on a f i g ht i t i s u n 1 i k e 1 y to w i n ( Ta b 1 e 5 • 2 ) ; hence such 
a v o i d an c e e vi dent 1 y ha s s u r vi v a 1 va 1 u e • Si z e i s a good i n di cat o r of 
fighting ability (Table 5.2), and the size of a male is strongly 
correlated with the dominant frequency of its advertisement call 
(3.3.1). Males exchange calls during displays, and they may then be 
assessing the size and hence fighting ability of their opponent. 
The playback experiments support the hypothesis that the 
dominant frequency of vocalisations may enable competing males to 
assess each other's fighting ability. Males retreated from a 
speaker broadcasting calls of lower frequency than their own, but 
attacked the speaker if higher frequency calls were played back. 
Unfortunately the three stimuli differed not only in dominant 
frequency but also in call duration, number of pulses and pulse 
repetition rate (Table 5.1). Ideally, synthetic vocalisations that 
varied only ,n dominant frequency should have been used in these 
experiments; but a synthesizer was not available during this 
study. Dominant frequency and call duration are correlated with 
size (3.3.1), but only dominant frequency is a reliable indicator of 
the small differences in size that are important ,n fighting (Tables 
5.2 and 5.3). Call duration coul d be used only to sep4rate extreme 
size differences and therefore is probably not used in fighting 
assessment. 
The fighting abilities of many animals change during the 
breeding season as territorial individuals lose condition and become 
exhuasted (Leuthold 1966; Le Beouf 1972; Lincoln and Guinness 
I 
I 
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1973; Wells 1977c; Humphries 1979). Fighting ability may also 
decline in animals that are past their prime (Clutton-Brock and 
Albon 1979; Clutton-Brock et al. 1979). A reliable cue 1n fighting 
assessment must be sensitive to these temporal changes 1n fighting 
abilities (Clutton-Brock and Albon 1979). For example, the dominant 
frequency of the roars of stags of Cervus elephas,although used in 
fighting assessment, is not a reliable indicator of fighting ability 
because the dominant frequency of a stag's roar remains relatively 
constant once the stag is mature (Clutton-Brock and Alban 1979). 
The roars of a stag that loses condition markedly during the rut are 
therefore not conveying reliable information about its fighting 
abilities. Stags thus assess rivals by their rate of roaring and 
probably visual and olofactory cues, all of which are related to 
variations in body condition and hence fighting ability (Clutton-
Brock and Alben 1979). 
As the breeding season progressed, the territorial males of 
Uperoleia rugosa lost condition and were less able to defend their 
territories (4.3.1). There were successive recordings of calls of 
only three males; the dominant frequency of their advertisement 
calls increased with loss of weight in a manner analogous to the 
population sample of 100 males (Fig. 5.7). However, the slope of 
the relationship between body weight and dom1nant frequency of the 
advertisement call for individual males was less than that of the 
population sample of males, which was gained by opportunistic 
sampling, and was therefore a static rather than time-series 
sample. The reliability of the pitch of the advertisement call as 
an indicator of the size of the caller is discussed in Chapter 7. 
The correlation of dominant frequency with size has been 
f o u n d i n o t he r spec i e s ( Z we i f e l 19 6 8 ; 0 l d ham an d Ge r ha rd t 19 7 5 ; 
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Lorcher 1969; Davies and Halliday 1978; Ryan 1980a), but not with 
changes in an i ndi vi dual Is weight. The dominant frequency is a 
harmonic of the fundamental frequency of resonance which is 
determined by the mass, tension and size of the primary vocal 
structures, as well as by the pulmonary air pressure (Martin 1971, 
1972; Martin and Gans 1972). The tension, mass and size of the 
primary vocal structures are unlikely to be affected by short-term 
changes in body weight. The pulmonary pressure, however, depends on 
the musculature of the body wall (Martin 1971), and animals in good 
condition may exert greater pulmonary pressure than \veaker animals. 
Yet greater pulmonary pressure increases the fundamental frequency 
of vibration (Martin 1971, 1972). If pulmonary pressure were of 
primary importance in determining the fundamental frequency, animals 
in good physical condition might be expected to produce higher 
pitched calls. This is not in accordance with the data (Fig. 3.11, 
Table 5.5). The mass of the primary vocal structures, particularly 
the vocal cords, is, however, of much more importance in determining 
the fundamental frequency and therefore dominant freq uency of the 
vocalisations (Martin 1971, 1972). Current knowledge of anuran 
anatomy and physiology is therefore inadequate to account for the 
correlation of dominant frequency of advertisement calls with 
changes in weight of individual males. 
Prior residency of a territory had no effect on the outcome 
of fights (Table 5.4). Residents are usually considered to have an 
advantage in territorial disputes: they should fight harder because 
they have more to lose from being displaced than the intruder has to 
gain from winning (Brown 1964; Parker 1974; Maynard Smith and 
Parker 1976; Dawkins and Krebs 1978). For example, territorial 
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sunbirds (Nectarinia reichenowi) systematically avoid revisiting 
f 1 owe rs i n t he i r t e r r i to r i e s , an d so ma i n ta i n h i g he r 1 e ve 1 s of 
nectar per unit area than could a newcomer that was unfamiliar with 
the territory and with which flowers had recently been exploited 
(Gill and Wolf 1975). Previous occupation bf the region confers no 
such advantage on Uperoleia rugosa: the territories contain no 
resources of use to the resident in breeding. They are not 
oviposition sites (Chapter 6), and food supplies are not important 
because territorial males feed infrequently (4.3.1). The 
territories simply represent calling sites large enough to prevent 
acoustic interference from nearby males (4.3.4, 4.4.2). If a 
territorial male is challenged by a larger intruder it is apparently 
less costly to move, or to remain as a satellite of the intruder. 
ii 
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Table 5.1 The parameters of the three calls used in 
experiments on fighting assessment and the identity and 
size of the males that produced them. 
Medium frequency Low frequency High f requency 
Ma 1 e No. 84 20020 20011 
Ti bi a l en gt h (mm) 9.70 10.35 8.75 
Weight (g) 1.95 2.51 1.40 
Call duration (ms) 550 490 300 
No. of pulses 54 43 42 
Pulse repetition 96 86 137 
rate (pulse s-1) 
Dominant frequency 2.26 2.04 2.48 
(kHz) 
I 
I 
' 
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Table 5.2 The importance of weight in male encounters 
No. in which 
combatants 
Type of were of un-
encounter equal weight 
Display 30 
Fight 28 
No. in which 
larger 
frog won 
27 
22 
No. in which 
smaller 
frog won 
x2 
3 19.20 
6 9.14 
Table 5.3 Size differences between males in male 
encounters 
Type of 
encounter 
Mean weight 
difference (g) SD N t 
p< 
o. 001 
0.01 
P< 
Display 
Fight 
0.44 
0.24 
0.25 
0.15 
30 
28 
3.66 0.001 
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Table 5.4 The effect of holding a territory and relative 
body weight as factors in fighting success in 
Uperoleia rugosa. 
Winners 
Weight 
Heavier 
Lighter 
Status of Winner 
Resident Intruder 
10 9 
1 0 
*Fisher's exact probability (Siegel 1956). 
Table 5.5 The responses of 39 territorial males 
p* 
-5 5.95xl0 
of Uperoleia rugosa to the playback of the advertise-
ment calls of higher frequency or equal/lower frequency 
and representing males that were smaller or were at 
least equal in size 
Size of 
territorial male 
relative to the 
stimulus male 
Smaller (higher 
frequency calls) 
Eq u a 1 or 1 a r ge r ( 1 owe r 
freq u en c y ca 1 1 s ) 
Response of territorial male 
Fight Flight 
3 
17 
19 
0 
* Fisher's exact probability (Siegel 1956). 
p* 
2.38xl0-8 
~ 
Table 5.6 The mean intensities (dB fast RMS) of medium, low and high 
frequency calls that evoked antiphonal calling, encounter calls and fight or 
flight. C.V. is the coefficient of variation (%), and N is the sample size. 
Response 
Antiphonal Calling Encounter Calls Fight or Flight 
Stimulus 
Medium pitched calls 
Low pitched calls 
High pitched calls 
Mean C.V. 
76 38 
74 41 
72 62 
N 
20 
13 
9 
Mean C.V. 
84 18 
84 31 
78 51 
N 
19 
6 
10 
Mean C.V. 
91 45 
87 79 
82 65 
N 
18 
9 
8 
25 
20 
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The durations of the male encounters of Uperoleia rugosa. Displays are 
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Figure 5.3 
Figure 5.4 
Fighting: upper male grasping lower male. 
See text for details. 
Fighting: lower male attemptin g to j ump forv,;ard 
while the upper mal e braces itself with its hind 
legs and pulls backwards. See text for details. 
Figure 5. 5 
Figure 5. 6 
Fighting: both males somersault on their backs. 
See text for deta i 1 s. · 
Fighting: upper male grasps the lower male around 
the head collapsing its vocal sac and mu ffli ng its 
calls. See text for details. 
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CHAPTER 6 
INTERSEXUAL SELECTION: FEMALE CHOICE AND OVIPOSITION 
But i n ve r y ma n y ca s e s t he ma l e s w hi c h con q u e r the i r 
rivals, do not obtain possession of the females, 
independently of the choice of the latter. The 
courtship of animals is by no means so simple and short 
an affair as might be thought. The females are most 
excited by, or prefer pairing with, the more ornamented 
males, or those which are the best songsters, or play 
the best antics; but ·it is obviously probable that 
they would at the same ti me prefer the more vigorous 
and lively males, and this has in some cases been 
confirmed by actual observation. (Darwin 1871) 
6.1 INTRODUCTION 
I mentioned in Chapter 1 that, while Darwin's (1871) theory of 
male combat (intrasexual selection) has been widely accepted, 
intersexual selection has been criticised ever since it was first 
proposed (Wallace 1889). This was largely because critics thought 
that Darwin was suggesting that females choose their mates by 
exercising an aesthetic sense akin to that in human beings (Wallace 
1889). Darwin had in fact stated unequivocally that female choice 
does not necessarily depend on an aesthetic sense but rather rests 
on an ability to discriminate between the adornments of males, which 
the females of some species were known to be capable of doing 
( Darwin 18 71). 
The theory was favourably reexamined and extended by Fi sher 
(1930); but his book, although currently influential, had little 
impact for many years. Huxley (1938a,b) attempted to assess sexual 
selection from an ethological viewpoint. He accepted male 
competition and renamed it intrasexual selection, but firmly 
rejected f e ma l e ch o i c e a g a i n on t he gr o u n d s that i t i mp l i e d an 
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aesthetic sense. Huxley clouded the issue of female choice by 
renaming it 'epigamic selection' which includes the primary sexual 
characters that Darwin (1871) had excluded because they promote 
union of the gametes and are therefore a product of natural 
selection. I there- fore use the term intersexual selection for 
female choice, in Darwin's sense, rather than epigamic selection. 
Huxley's views (1938a,b) were extrerrely influential and discouraged 
much research, even though both papers a re confused and Huxley 
clearly does not understand the differences between group selection, 
natural selection and sexual selection (see O'Donald 1980 for a 
detailed criticism). Paradoxically, Huxley's papers are now 
commonly quoted as supporting female choice (e.g. Mayr 1972; 
Selander 1972), probably because there is now so much evidence of 
females choosing particular male phenotypes (reviewed by Campbell 
1972; Halliday 1978; Maynard Smith 1978; Blum and Blum 1979; 
O'Donald 1980). 
By definition, females have larger gametes than males and they 
often provide most of the resources for the zygote. Females are 
therefore the limiting resource in reproduction; for, while males 
with many small gametes can mate with many females during a breeding 
season, females can often produce only one or two broods of eggs in 
a season. Females are therefore passive and- discriminating while 
males are eager and undiscriminating (Bateman 1948). In polygamous 
groups, such as insects or frogs, sexual selection is likely to be 
more intense than in monogamous groups such as birds, because a few 
males can monopolise a large proportion of the fe males (Emlen an d 
Oring 1977; Halliday 1978). Both sexes must discri minate agains t 
mat i n g w i t h i n di vi du a l s of a di ff e re n t s pe c i e s be ca u s e th i s i s a 
waste · of reproductive effort (reviewed by Littlejohn 1981). Th e 
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male, however, loses only some ti me and sperm, whereas the female 
loses a highly significant part or all of her reproductive effort 
for that ye a r • Fe ma l e s a re t he ref o re mo re di s c r i mi n at i n g than 
males, and this choosiness may be expected to extend beyond 
discriminating between species to selecting a mate from male 
conspecifics (intersexual selection). 
Females can select mates on the basis of: (i) the resources 
t hat t he ma l e s cont r o l s u c h a s food o r o vi po s i ti on s i t e s ; or ( i i ) 
the phenotypic or genetic quality of males (Orians 1969; Emlen and 
Oring 1977; Halliday 1978). The phenotypic or genetic quality of a 
male may, of course, determine the resources it can control. Female 
choice based on resources is common in birds (Selander 1972) and has 
been found in anurans (Wells 1977c; Howard 1978; Ryan 1980b). For 
example, 
control 
female bullfrogs, Rana catesbeiana, prefer males that 
the best oviposition sites (Howard 1978; Ryan 1980b; 
discussed in 4.1). Female choice based on the morphological or 
behavioural characteristics of a male has been demonstrated only in 
laboratory cultures of Drosophila (Bateman 1948; Maynard Smith 
1956; Ehrman 1972; Partridge 1980). In natural populations, 
female choice of a particular phenotype has proved difficult to 
separate from resource-based choice (Davies 1978). It has been 
reported recently that females of the lepto-dactylid, Physalaemus 
pustulosus, select larger males as mates by using the frequency of 
the male 1 s advertisement call as an indication of his size (Ryan 
1980a). Discrimination trials, in which females were offe·red a 
choice of two calls, one a high frequency call and the other a low 
frequency call, showed that the frequency of the call apparently was 
the only phenotypic character used to select a mate (Ryan 1980a). 
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In this chapter I describe the behaviour of females 1n a 
chorus of males, the initiation of amplexus, and oviposition. The 
dominant frequency of the advertisement call is a reliable indicator 
of t he s i z e of a ma 1 e ( 3 • 3 • 1 ) , an d di s c r i mi n at i on t r i a 1 s t e st e d 
whether females used this character to select~ mate. 
6.2 METHODS 
6.2.1 Observations 
Fe ma 1 es do n o t ca 11 ( 3 • 3 ) , an d we re t he re f o re f o u n d on l y by 
chance or caught in the drift fence trap system. Females were 
ma r k e d w i t h re fl e ct i ve ta p e ( 2 • 4 • 2 ) , i n a d di t i on to be i n g toe -
clipped, so that they could be identified subsequently without being 
handled. Observations were made with an electric headlamp that was 
rheostat control led or red-filtered. Four amplectant pairs were 
placed in aquaria (0.5x0.25x0.25m) 1n the laboratory so that 
oviposition could be observed and photographed. The aquaria were 
filled with pond water, the temperature of which fluctuated between 
18°c and 22°c. Reeds were provided for the attachment of eggs. 
All behavioural sequences were timed with a stopwatch. 
6.2.2 Discrimination Experiments 
Gr a vi d f e ma 1 es we re p l aced 1 n a c i r cu 1 a ~ a re n a 1 n t he f i e l d , 
and offered a choice of high and low frequency advertisement calls. 
The arena had a circular wall of cardboard 15cm high and 1.5m in 
di a mete r • The pa r a mete rs o f t he s e ca l 1 s a re g i v e n i n Ta b l e 5 • 1. 
The two ca 11 s were recorded on each channel of a stereophonic 
recorder (Uher 4000L) so that they could be presented alternately 
every 3s. The calls were played back through 25w amplifiers an d 
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Phillips 210/SQ8 speakers (Fig 6.1). The two speakers we re on 
opposite sides of the arena and were set into holes so that they 
were flush with the wall. The channels could be reversed so that 
the high frequency or low frequency calls could be presented from 
either speaker. The output from the speakers was precisely 
control led by two step attenuators and adjusted so that the SPL 
(fast RMS re 2xlo- 5 Nm- 2) of each stimulus was 75dB ,n the 
centre of the arena. 
A gravid female was placed in a cage in the centre of the 
arena and presented with calls for 5 min. The cage was then 
carefully removed so that the female could move. A response to a 
particular call was scored only if the female (i) approached and 
touched a loudspeaker, and (ii) moved back across the arena to the 
opposite speaker when the channels were reversed. These criteria 
ensured that there was a positive phonotactic response and 
eliminated any bias due to the alignment of the apparatus. A trial 
was terminated if a female remained in the centre of the arena for 
15 min, or if she moved randomly around the walls of the arena. 
6.3 RESULTS 
6.3.1 Observations 
Observation of the behaviour of females was much more 
difficult than that of males. Females were secretive, they moved 
slowly and often remained motionless for long periods. The seasonal 
activity of females was therefore difficult to determine. 
Females were found in every month of the breeding season. 
Forty three females were collected in the breeding season of 1979-80 
and 1980-81. Thirteen mature females were captured in the 1979-80 
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season and 28 in the 1980-81 season. Females were larger (tibia 
length) and heavier than males (t=3.46, p<0.001 and t=l0.11, p<0.001 
respectively) (Table 6.1). 
Females migrate to the pond after the males. The first female 
was found three weeks after the males began cBlling in 1979 and two 
weeks after the first males called in 1980. In February 1981 I 
searched carefully for females and found 12, their date of capture 
and the air temperature and rainfall that month are plotted 1n Fig. 
6.2. The migration of these females appeared to be correlated with 
rainfall in the same way as the calling activity of males (Fig. 4.3). 
Twenty-three pairs were found in amplexus in the 1979-80 and 
1980-81 breeding seasons. Three of the pairs were found in a 
pitfall trap and were discounted because the male and female may 
have been trapped separately and amplexed in the trap. Males found 
in amplexus were larger (t=2.75, p<0.01, N=384) and heavier (t=2.58, 
p<0.01, N=384) than other calling males (Fig. 4.6). In Fig. 6.3 the 
size and weight distributions of successful males (males that 
obtained at least one mating) are compared with the distribution 
expected if body size had no effect on mating success. There is a 
significant difference between the observed and expected tibia 
length (O.Ol <p<0.05) but not weight (p>0.05). The relative weights 
of ma l e s a n d f e ma l e s f o u n d i n amp l ex u s a re p l o t t e d i n Fi g. 6 • 4 an d 
their relative tibia lengths 1n Fig. 6.5. There are fewer 
measurements of tibia length because five females were not measured. 
There was a strong positive linear correlation between the weights 
of pa i r s ( r = 0. 9 2 , p < 0. 0 0 1, N = 2 0 ) : he a vi e r f e ma l es s e l e ct e d he a vi e r 
males as mates (Fig. 6.4). There was no such relationship for tibia 
l en gt h ( Fi g. 6 • 5 ) • 
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Mate selection 1n Uperoleia rugosa was by female choice. 
Gravid females sampled the calling males on the basis of acoustic 
attributes and took a considerable time to select a mate. Thirteen 
gravid females were released at different times in the enclosure at 
Oakdale which contained 20 males, and none selected a mate in a 
single evening. They moved slowly around the enclosure between the 
ca 11 i n g ma l e s an d spent u p to three ho u r s s i t ti n g i n t he gr a s s 
within 75cm of calling males who were apparently unaware of their 
presence. The females were removed from the enclosure at the end of 
each evening's observations to avoid their selecting a mate while I 
was absent. The daily removal ·of females proved to be a mistake 
because the only females that mated in the enclosure were two that I 
failed to find at the end of the evening. One of these females was 
found in amplexus two days after being released and the other female 
three days after release. The behaviour of these two females was 
similar to each other and to the behaviour of females in a chorus of 
males outside the enclosure. The following account is based upon 
the behaviour of one of the females in the enclosure. 
22nd October 1978. Released the female in the enclosure in 
which there were 20 males, seven of which were calling (Fig. 
6.6). The female immediately began moving slowly among the 
calling males. The female passed within 10cm of male 12 and 
he began producing courtship calls. The female moved away in 
a series of rapid hops with the male following and continuing 
t o prod u c e co u rt sh i p ca 1 l s ( Fi g • 6 • 6 ) • The o the r ma l e s i n the 
enclosure apparently were stimulated by these calls because 
they called louder and more rapidly. The female slowly moved 
away. After 
advertisement 
p revi ou s tempo. 
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5 min, male 12 changed back to producing 
calls and the chorus settled back to its 
The female moved under a log (Fig. 6.6). 
23rd October 1978. The same seven mal~s were calling ,n the 
same positions. The female was not seen. 
24th October 1978. Six males were calling, males 12 and 7 had 
changed calling sites (Fig. 6.7). I found the female in 
amplexus with male 32 (Position 1, Fig. 6.7). The pair was 
found because they disturbed male 5 and he began producing 
encounter calls. The female slowly carried the male to the 
water. Male 12 was disturbed as they passed, and moved 
towards them while continuing to produce advertisement calls. 
The female turned away and retreated 20cm, then she turned 
around and again attempted to pass male 12. The female 
attempted to pass male 12 three times and each time the male 
advanced rapidly and the female retreated (Position 2, Fig. 
6.7), but on the fourth attempt the female pushed past him. 
Ma 1 e 12 f o 1 1 owed t he pa i r a n d cont i n u e d to ca 11 • The pa , r 
stopped and male 12 did not attempt to displace the clasping 
ma 1 e but stopped be s i de t he pa i r a n d -cont i n u e d to p rod u c e 
a d v e rt i s e me n t a n d co u rt s h i p ca 1 1 s ( Po s i t i on 3 , Fi g • 6 • 7 ) • The 
loud calling of male 12 stimulated all the other males to call 
louder and faster. 
I separated the pair and immediately placed them 1n a circular 
container (15cm diameter) to observe the initiation of amplexus. 
Male 32 began calling within 1 min of release, and then advance d 
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rapidly and clasped the female. I separated the pair again and 
replaced them in the container. The male again produced a few 
courtship calls and then clasped the female. This initiation of 
amplexus by the male was only seen when a pair were confined in a 
small space. Usually the female initiated - amplexus (see below). 
(It is for this reason that amplectant pairs found in pitfall traps 
we re di s re garde d. ) 
The pair was again separated and released in the enclosure, 
ma l e 3 2 w a s pl aced i n h i s t e r r i tor y o f t he p re vi o u s n i g ht ( Po s i t i on 
4 , F i g • 6 • 7 ) a n d t h e f e ma l e p 1 a c e d n e a r by ( Po s i t i on 5 , F i g • 6 • 7 ) • 
Male 32 moved closer to male 1 and resumed calling (Position 6, Fig. 
6.7). Ten minutes later male 1 advanced on male 32 and attacked. 
After 2 mins of fighting, male 32 retreated rapidly and did not call 
again that evening. 
ca 11 in g site • 
Mal e 1 cont i nu e d to ca 11 at hi s or i g i n a 1 
The female did not move during the fighting, but after a few 
mi n u t e s s he be g a n mo vi n g tow a rd s ma 1 e 13 ( Fi g • 6 • 8 ) • When s he w a s 
20cm from male 13 she changed course towards male 1 and moved around 
him. Male 1 began producing loud and rapid courtship calls and 
followed the female (Fig. 6.8). The female stopped after 2 mins, 
turned, advanced rapidly and touched male 1 on the vocal sac. The 
male moved down the left side of the female and clasped her around 
t h e p e 1 v i c g i rd 1 e ( i n g u i n a 1 amp 1 e x u s ) ( F i g • 6 • 9 ) • Th e ma 1 e stop p e d 
calling immediately. I separated the pair and put male 1 back in 
his territory, and the female lm away between calling male 7 and 
silent male 32 (Position 2, Fig. 6.8). Within one minute male 1 
re s u me d ca 1 1 i n g a n d t he f e ma 1 e o r i en tat e d tow a r d s hi m. She then 
moved rapidly towards him ignoring male 7. Male 1 stopped calling 
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for two minutes and the female did not move until he resumed 
calling. When the female reached male 1 she touched him and they 
amplexed as previously described. The male and female were 
separated again and male 1 replaced in his territory while the 
female was released lm to the east (Position- 3, Fig. 6.8). Male 1 
re s u med ca l l i n g w i t hi n a mi nut e a n d t he f e ma l e move d st r a i g ht back 
towards male l; they amplexed again. The female carried the male 
into deeper water and then around the enclosure for the next three 
hours, but did not lay eggs before I left at 0130. Eggs were found 
on t h e n e x t n i g ht ( Po s i t i on 4 , Fi g • 6 • 8 ) , a n d ma l e 1 w a s ca l l i n g 
back at his original calling site. 
If an amplectant pair was separated and then released, the 
female consistently returned to her original mate ignoring other 
calling males. A female placed in the discrimination arena (6.2, 
6.3.2) ignored both speakers, but when placed 1n an aquarium 
(0.5mx0.25m) in which her original mate and another male were 
calling, she immediately advanced on her original mate phono-
tactically and initiated amplexus. 
Males apparently could determine the presence of a female at 
c l o s e ran g e • Aft e r I ha d c l ea red pi t fa l l t r a p s t he ca pt u re d ma l e s 
and females were placed in a container before being weighed and 
measured. Males immediately started producing- loud courtship calls 
and attempted to initiate amplexus (N=ll). One very small male 
(TL=8.90mm, wt=l.08g), and a female that had laid her eggs 
(TL=9.50mm, wt=l.48g) were caught in separate pitfalls and placed in 
the same container. The male immediately began producing courtship 
calls despite the lack of response from the female. 
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6.3.2 Discrimination Trials 
Eighteen gravid females were tested in the discrimination 
arena. Ten females were attracted to the low frequency call but 
none was attracted to the high frequency call (p<0.001) (Table 
6.2). The remaining eight females moved ran-domly around the arena 
and were not attracted to either stimulus. Females should be tested 
as soon as possible after they are captured because their response 
to advertisement calls declines if they are held in captivity. The 
ten females that responded in the discrimination trials were tested 
within four hours of their capture whereas the eight females that 
did not respond had been maintained in captivity at 5°C for up to 
48 hours. 
6.3.3 Oviposition 
After amplexus the female carried the male to the pond and 
selected a site for oviposition. Three pairs were seen depositing 
eggs in the pond but I was unable to capture them. Four pairs were 
released ,n aquaria 1n the laboratory so that oviposition could be 
observed and photographed. The behaviour of all the pairs was 
similar. 
The female dived for several minutes (4.1~2.4min, N=29) to lay 
between two and fourteen eggs. After a dive - the female rested at 
the surface (1.77~0.89 min, N=l3). Each egg was separately attached 
to a piece of submerged vegetation such as a root or stem. The 
female grasped the vegetation with her front legs and often braced 
her hind legs against the vegetation or on the bottom. The male 
then curled around the back of the female so that their cloacas were 
apposed for less than a second (too short to time with a stopwatch) 
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(Fi g • 6. 1 0 ) • A s i n g 1 e e g g e me r g e d a few sec on d s 1 ate r ( 2. 0 6 + 0. 21 
sec, N=9) (Fig. 6.11). The female then moved to another piece of 
vegetation and repeated the process. When the eggs emerged they had 
a thin layer of jelly (diameter l.61~0.02mm, N=lO) which rapidly 
expanded (diameter 2.51~0.09mm, N=lO). The number of eggs that were 
laid during a dive depended on the duration of the dive (r=0.91, 
p<0.002, N=9) (Fig. 6.12). As soon as the female had laid the last 
egg the pair separated. The four females were then killed, 
dissected, and found to have laid all their eggs; but in each case 
there were immature ova at the distal end of the oviducts. 
6.4 DISCUSSION 
The courtship of Uperoleia rugosa has not been described 
previously and the only information on oviposition is a description 
of the eggs of ~- marmorata (Watson and Martin 1972). Mating was 
clearly determined by female choice. Territorial and satellite 
males did not attempt to initiate amplexus with gravid females 
unless they were confined with a female in a small space, such as a 
pitfall trap. 
There was no correlation between the tibia lengths of males 
and females found in amplexus (Fig. 6.5). There was, however, a 
~le.-,u~ 
strong correlation between the weights of ~ated pairs (Fig. 6.4). A 
f e ma 1 e d i d n o t s e 1 e ct t he he a vi e st ma 1 e a v a i 1 ab 1 e a s a mat e , bu t a 
male that weighed about 70% of her body weight. Larger males (tibia 
length) mated more often than would be expected if size had no 
effect on mating success, however, heavier males were no more 
successful than lighter males (Fig. 6.3). These findings are 
consistent with assortative mating by weight. Weight is positively 
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correlated with tibia length, but the males, that maintain a 
territory and call, lose condition and their weight declines while 
their tibia lengths remain unchanged (4.3.1). Larger males mate 
more often than smaller ones because females only mate with calling 
males, and many callers are large males that ~ave lost weight. Some 
lighter males mate because they are selected by the lighter gravid 
females. 
Heavier males did, however, fertilize proportionally more eggs 
than lighter males because mating is assortative and the number of 
eggs in a clutch is positively correlated with the gravid weight of 
the female (y = -79.39 + 117.36x, r=0.71, p<0.001, N=l6; from Table 
4.13 in Humphries 1979). No females returning to lay a second 
clutch were found in the present study, although Humphries (1979) 
found that about 2% of females can produce a second clutch later in 
the breeding season. 
Females use the dominant fre·quency of the advertisement call 
to select mates of a particular weight. The dominant frequency of 
the advertisement call is inversely correlated with the weight of 
the caller (3.3.1). Discrimination trials showed that females 
preferred the low frequency (2.48 kHz) advertisement calls of light 
males. The discrimination was analogous to the way in which males 
use the dominant frequency of an opponent's a-dvertisement calls as 
an indicator of the opponent's weight and hence fighting ability 
(5.3.2). The reliability of the advertisement call as an indication 
of the weight of the caller is discussed further in the next chapter. 
Assortati ve mating has a bearing on the interpreta t ion of the 
discrimination experiments because the gravid weight of the female 
determines the weight of the male she will select as a mate. It 
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follows that if a female selects a male on the basis of the dominant 
freq u en cy o f h i s ad ve rt i semen t ca 1 1 s , t he p ref e r re d freq u en c y i n a 
discrimination trial will vary with the weight of the female. There 
was one female that was separated from her mate and when placed in 
the discrimination arena she ignored both the _high and low frequency 
ca 1 1 s ; but when p 1 a c e d 1 n a n aqua r i um i n w hi c h he r or i g i n a 1 mate 
was calling she immediately approached him by phonotaxis and 
initiated amplexus (6.3.1). It is possible that the low frequency 
ca 11 i n t he di s c r i mi n at i on tr i a 1 rep re sent e d a ma 1 e t hat w a s too 
heavy for the female to carry. The discrimination trials were 
artificial and simplistic when compared to the choice facing a 
female in the midst of a chorus of males. More observations are 
needed on the behaviour of females in natural choruses, and in 
discrimination trials in which they are offered more than two 
choices (see below). 
Discrimination trials, similar to the ones used in this study, 
have shown that females of other species of frog prefer calls of a 
particular frequency. Females of Physalaemus pustulosus move 
towards low frequency synthetic advertisement calls and ignore high 
frequency calls (Ryan 1980a). Similarly, females of Hyla cinerea 
prefer synthetic calls with a low frequency peak of 900Hz to calls 
of higher frequency, however, there was a lower limit to the 
preferred frequency because females also preferred 900 Hz to 700 Hz 
calls (Gerhardt 1n press). Two factors complicate Gerhardt's 
results: (1) females do not distinguish between calls that 
differed in frequency by 200 Hz or less; and (2) the preferred 
frequency shifts with temperature, so that between so0c and 200c 
females prefer 500-600 Hz calls to 900 Hz calls (Gerhardt in press). 
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Gerhardt also points out that two-choice discrimination trials 
are unrealistic because a female selecting a mate in a chorus of 
males receives many advertisement calls that overlap temporally, 
co me f r om di ff e rent di rec ti on s , an d a re at d i ff ere n t i n ten s i t i es • 
The selectivity of females declined when they were placed between 
four speakers playing synthetic calls that differed in dominant 
frequency. Nevertheless both two-choice and four-choice experiments 
showed that females preferred calls with a low frequency peak 
between 800 Hz and 1100 Hz. The low frequency peak of 90% of the 
males of H. cinerea fall within this preferred range; therefore 
only very large and very small males are likely to have a lower 
reproductive success than other males. Indeed, the size of males 
had no effect on their reproductive success (Gerhardt in press). 
The discrimination trials in the present study were not 
sufficiently extensive to determine whether there was a lower limit 
to the frequencies preferred by females, but the 2.04 kHz call that 
females preferred was the lowest frequency recorded during three 
breeding seasons (Table 3.2). The behaviour of females in a chorus 
of males and the correlation between the weights of mated pairs 
suggest that mate choice involves much more than the simple choice 
offered to females in discrimination trials. 
The greater reproductive success of larger or heavier males 
has been observed 1n other species of anurans and has been 
attributed either to male competition (intrasexual selection) or 
female choice (intersexual selection). Male competition may 
increase the reproductive success of larger males in the following 
ways: (i) they displace smaller males from gravid fe males (Davies 
and Halliday 1977, 1979; 5.1); or (ii) they control oviposition 
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sites preferred by females (Wells 1977c; Howard 1978; 4.1); or 
(iii) they control the best sites from which to propagate their 
calls with minimum attenuation (Fellers 1979a,b). None of these 
alternatives can be important for Uperoleia rugosa because ovi-
position does not occur at the calling site, males do not attack 
amplexing pairs, and there is no correlation between mating success 
and type of calling site. 
There are two ways in which intersexual selection may affect 
t he rep rod u ct i v e s u cc e s s of l a r g e r ma l e s • W i l bu r et a l • ( 19 7 8 ) an d 
Ryan ( 1980a) have suggested that a female chooses the largest ma le 
available because he is likely to be fitter than smaller males. The 
growth of amphibians is indeterminate (4.1); but larger males are 
likely to be older and therefore proven survivors (Howard 1978, 
1981). In addition, males may be larger because they are better 
foragers or can metabolise their food more efficiently (Trivers 
1976). It is presumed that females select one of these males as a 
mate because they are likely to have genotypes that will improve the 
survival of their offspring (Wilbur et al. 1978; Ryan 1980a). 
Alternatively the greater reproductive success of larger males may 
be attributed to females choosing mates that are proportionally 
smaller than themselves (assortative mating), - to optimise amplexus 
(Licht 1976; Davies and Halliday 1977). It is argued that too 
large a male hampers the swimming and respiration of the female, 
while too small a male cannot closely appose its cloaca with that of 
the female to effect efficient fertilization. For example, when 
small male toads, Bufo bufo, were artificially paired with large 
conspecific females fewer eggs were fertilized than when large males 
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were used (Davies and Halliday 1977). There are, however, anomalies 
in these data: the percentage of eggs fertilized was low for all 
combinations of males and females (Fig. 3, Davies and Halliday 
1977). It therefore seems likely that other factors, such as 
laboratory conditions, also affected the - proportion of eggs 
fertilised. 
These two hypotheses concerning the effect of intersexual 
selection on the greater reproductive success of larger males, imply 
different relationships between the relative sizes of males and 
females in amplexus (Fig. 6.13). If females mated with the largest 
available males then there would be no correlation between the size 
of amplectant pairs, but there would be a strong correlation if 
mating were assortative (Fig. 6.13). As I have shown above, mating 
in Uperoleia rugosa is only assortative by weight. Improved 
fertilization is unlikely to be the reason for the correlation 
between the weight of males and females. Amplexus is inguinal and 
even small males can closely appose their cloacas with those of the 
females (6.3.3). The weight of a male is an indication of his 
physical condition (4.3.1), and females may select the heaviest male 
they can carry without impairing their swimming and oviposition. 
The effect of the weight of the male on female movement and 
oviposition still remains to be tested. 
La ck o f co r re l at i on between t he l en gt h ( u s u a 11 y me a s u red a s 
snout-vent length) of pairs in amplexus has been found in four 
species of Hyla (Gatz 1981; Gerhardt in press), and in four species 
of Bufo (Wilbur et al. 1978). There may, however, be differences 
between populations; there was a strong correlation between the 
snout-vent length of males and females of Bufo americanus in Ontario 
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(Licht 1976) but not 1n North Carolina (Wilbur et al. 1978). The 
weights of males and females found 1n amplexus were not recorded or 
correlated in any of these studies. I believe that a better clue to 
the opera t i on of f e ma l e c ho i c e i s t he co r re l at i on o f t he we i g ht s , 
rather than body lengths, of mating males -and females. Females 
prob a bl y s e l e ct ma l e s t hat a re i n good con di ti on ( W i l bu r et a l • 
1978; Ryan 1980a) and the condition of the males may be unrelated 
to their length but depend on their weight, as I have found with 
males of Uperoleia rugosa (4.3.1). Females are larger and heavier 
than ma l es i n 9 0% of an u ran s ( Sh i n e 1 9 7 9 ) , and i f f e ma l es s e l e ct 
mates assortatively by weight, the heavier males will inevitably be 
successful. The courtship behaviour of anurans is diverse (Wells 
1977a,b), and it is unlikely that weight is important in all 
species, however the weight of mating pairs deserves more attention 
than it has so far received. 
~ 
Table 6.1 The tibia lengths and weights of males and females of Uperoleia rugosa 
Tibia length (mm) 
Weight ( g) 
N 
362 
362 
Males 
mean 
9.73 
1.79 
SD 
0.54 
0.31 
N 
43 
43 
Fema 1 es 
mean SD 
10.04 0.73 
2.35 0.56 
t 
3.46 
10.11 
P< 
0.001 
0.001 
Female 
Choice 
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Table 6.2 The responses of ten gravid females of 
Uperoleia rugosa in two-choice discrimination 
trials in wnich the stimuli were high frequency 
and low frequency advertisement calls. 
low frequency 
(2.04 kHz) 
10 
Stimulus 
high frequency 
(2.48 kHz) 
0 
p<0.001 Binomial test (Siegel 1956). 
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F, .. gure 6. 3 Observed lstippled bars) and expected (open ba rs) 
dtstri·buti·ons of the t i bia lengths (A) and wei ghts 
(B) of successful ma les (mal es t ha t obta i ned at 
least one mat i ng) of Uperol ei a rugosa . The 
expected dtstribu t ton was ge nerated by mu l tiplyin g 
the number of males i·n each size class (successful 
and unsuccessful) by t he ove rall mating suc cess 
(12/149), thus assuming that body si ze or we i0ht 
had no effect. There is a si'gn ifi cant difference 
between the observed and expected tibia l engths 
(0.01 < p < 0.05), but not wei ghts (p > 0.05) 
(Kolomogorov-Smirnov test, Si egel 1956). 
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Figure 6.4 The correlation of weights of male and female Uperoleia rugosa found in amplexus. 
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Fi gure 6.6 Movements of a female of Uperoleia rugosa after her release in an enclosure containing 
seven calling males, the weights of wh ich are given in brackets. 
Figure 6. 7 
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Amplectant pair found here. 
Male 12 disturbed by amplectant pair 
Collected amplectant pair. 
Male released in old territory. 
Female released. 
Male 32 moves and fights with male 1. 
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Male 32 retreats and is silent in this position. 
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lm 
Movements of a female of Uperoleia rugosa after being found in amplexus. The encircled 
numbers are points described in detail in the text. Stippling is the same as in Fig. 6.6 
but the water is not hatched for simplicity. Continued in Fig. 6.8 
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CD Female moves into amplexus with male 1. 
® Female released again. 
G) Female released again. 
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Movement of a female of Uperoleia rugosa after being found in amplexus, continued from 
Fig. 6.7. The encircled numbers are described in detail in the text. 
Figure 6.9 A male Uperoleia rugosa clasping a female around the 
pelvic girdle (inguinal amplexus) prior to oviposition. 
Fi gure 6. 10 Ferti l i sation . The male apposes its cloaca to that 
of t he female for a fraction of a second, just before 
a sing le egg emerges. Freshly laid eggs are attached 
to vegetation all around the pair. 
Figure 6. 11 Oviposi tion. A single egg emerges from tne cloaca 
of a female Uperolia rugosa and is attached to a 
subme rged root. 
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The hypothetical size relationships between 
males and females found in amplexus if there 
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assortative mating. 
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CHAPTER 7 
SYNTHESIS 
I worked on true Baconian principles, and 
without any theory collected facts on a wholesale 
scale ••• (Darwin's autobiography in F. Darwin 
1887) 
I have an old belief that a good observer 
really means a good theorist. -(Darwin in a 
letter to H.W. Bates 1860, in Darwin and Seward 
190 3). 
7.1 Vocalisations and their Functions 
Males of Uperoleia rugosa produce three types of vocalisation: 
an advertisement call, an encounter call and a courtship call 
(3.3). Females do not call. Only the advertisement call has been 
described previously, but briefly and subjectively (Littlejohn 
1965b, 1967). The three types of call have been described in detail 
(3.3), and I now interpret their functions in the context of male 
and female behaviour. 
The a d v e rt i semen t ca 11 i s t he common e st v o ca l i sat i on , f o r i t 
1s produced repeatedly by territorial males for several hours each 
evening during the breeding season (4.3.1). The intensity of the 
call is used by males to maintain their spacing; while the dominant 
frequency is a function of the size of a male and may be important 
1n fighting assessment and in female choice. 
The primary function of the advertisement call in most species 
o f an u r a n s i s t he at t r act i on o f con spec i f i c f e ma l e s ( 3 • 1 • 1 ) • Many 
experiments, in which gravid females are offered a choice of 
advertisement calls, have shown that females positively select males 
that produce the species-typical call (3.1.1). Paterson ( 1978, 
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1980) and his colleagues (Passmore 1978; Passmore and Carruthers 
1979; Telford and Passmore 1981; Lambert and Kingett in press) 
ha ve em p ha s i s e d t he co e v o 1 u ti on o f t he s i gn a 1 p rod u ce d by t he ma 1 e 
and the response of the female to that signal into a specific mate 
recognition system (SMRS), which promotes the meeting of the sexes 
and syngamy. They regard the advertisement call of anurans as an 
SMRS (Passmore 1978; Passmore and Carruthers 1979), and a species 
as a population of individuals that share a common SMRS (advertise-
ment call) (Paterson 1978, 1980). They envisage that there is 
considerable stabilising selection acting on the SMRS, and 
consequently little variation in advertisement calls of each species. 
Paterson and his colleagues have, however, overemphasised the 
lack of variation in the SMRS, to the extent that they deny any 
possibility of intersexual selection by use of any characters of the 
SMRS (Lambert and Kingett in press). There is clearly a selective 
advantage in the male and female having a matched signal-response 
system, particularly where they are sympatric with other species 
that have similar signals (Littlejohn 1977; 2.2.6). Yet there is 
some intra-population and geographic variation in the advertisement 
calls of all species of anurans so far investigated (Littlejohn 
19 5 9 , 1 9 6 4 , 19 6 5a , 1 9 81 ) • 
My view is 
separating species 
f e ma 1 e s to a s s e s s 
ma 1 es. In figure 
that the advertisement call 1s important in 
(SMRS); but it also has a role in enabling 
the relative quality of - different conspecific 
7 • 1 , v a r i at i on , n t he pa r a mete rs of t he 
advertisement call used as the SMRS is represented, for simplicity, 
a s a nor ma 1 d i st r i but i on a r o u n d t he me a n • The d i st r i but i on , s 
maintained by stabilizing selection so that males at the tails of 
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the curve are not recognised as conspecifics by gravid females. The 
remaining variation, if it reflects genetic or phenotypic quality, 
may play a part in intersexual selection. Different parameters of 
the advertisement call may be used as the SMRS and for intersexual 
selection. For example, the pulse repetition rate of the 
advertisement call may be the SMRS (Litoria ewingi and L. 
verreaux,; Littlejohn 1965a; Loftus-Hills- and Littlejohn 1971b) 
while the dominant frequency may be used in female choice (Uperoleia 
rugosa; 6.3.2). It is unknown which parameters of the 
advertisement call of Uperoleia rugosa enable females to identify 
conspecific males (the SMRS), but there is no doubt that females are 
attracted to conspecific advertisement calls (6.3.2), and ignore 
those of other species (Humphries 1979). 
The weight of a male is of critical importance in fighting, 
and also in female choice because the heavier of two males wins 
fights, and females select mates assortatively by weight. Playback 
and discrimination experiments showed that the dominant frequency of 
the advertisement call acts as a cue to relative body weight for 
males in fighting assessment (5.3.2) and for females in choosing a 
ma t e ( 6 • 3 • 2 ) • 
Territorial males lose weight as the breeding season 
progresses, and presumably there is a decrease in their fighting 
abilities, if not in their attractiveness to females. The dominant 
freq ue n cy o f t he ad ve rt i semen t ca 1 1 i s n o t f i- x e d bu t i n c re a s e s w i th 
a loss in weight of the caller (5.3.2). The frequency of the call 
is therefore a better indicator of the weight of the caller than 
might be expected, because it changes with the weight of the caller. 
A male or female frog listening to a calling male can 
therefore determine the approximate weight of the male from the 
/, 
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pitch of his advertisement calls. With what resolution can a male 
or female discriminate between callers? The modal frequency of the 
a d v e rt i s e me n t c a l l o f 1 0 0 i n d i vi du a l s i s 2 • 1 7 k H z ( 3 • 3 • 1 ) w h i c h i s 
equivalent to a body weight of 2.11 g (Fig. 7.2). The 95% 
confidence limits on this inverse prediction (Zar 1974) are 
extremely large (2.11 + 0.52 g) and include 85% of the calling 
males. Even the 80% and 50% confidence limits include 53% and 20% 
of the males respectively (Fig. 7.2). Apparently the dominant 
frequency may only be used to discriminate between males very 
different in weight. The advertisement calls used as stimuli in the 
experiments on fighting assessment and female choice differed in 
dominant frequency by 440 Hz. It is essential to determine the 
discriminatory powers of males and females to smaller differences 1n 
frequency. Synthetic advertisement calls that differ only 1n 
frequency would be ideal, because the influence of the other call 
parameters would be eliminated. Alternatively, the frequency 
resolution co uld be determined directly from neurophysiological 
studies (3.1.1). Preliminary work on the neurophysiology of 
audition has shown that~- rugosa lacks a tympanum and may be unable 
to discriminate between small differences 1n frequency (Hill and 
Robertson 1981). Yet, the observations on the behaviour of females 
in a chorus of males and the correlation between the weights of 
mated pairs suggest that the discriminatory powers of females are 
much more acute than the discrimination trials -indicate. 
Other workers have suggested that the correlation between body 
size and the pitch of vocalisations is used by either males or 
females in assessing the size of callers. Male toads, Bufo bufo, 
apparently use the frequency of the croaks of adversaries to 
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determine whether to displace them from gravid females (Davies and 
Halliday 1978; 5.1). The fundamental frequency of the croak is 
inversely correlated with snout-vent length (r=-0.884, P<0.01, N = 
20). This correlation coefficient is higher than that found 1n the 
present study (Fig. 7. 2), but 1 s less si gni fi cant because of the 
small sample size. Females of Physalaemus pustulosus select larger 
males as mates by using the frequency of the male's advertisement 
calls (Ryan 1980a; 6.1). The correlation between pitch and size is 
a g a 1 n i n verse ( r = - 0 • 5 3 , p< 0. 01 , N = 13 6 ) , but t he corr e 1 at i on 
coefficient and its significance are again less than those of the 
present study. A third study is that of Fai rchi 1 d ( 1981) who, in 
rather poorly designed experiments, apparently demonstrated that 
female toads, Bufo woodhousei fowleri, mi grate to speakers 
broadcasting low frequency calls. Fairchild did not provide any 
data on the correlation between body size and the frequency of the 
advertisement call, but used the inconclusive findings of Zweifel 
(1968). The results of Fairchild's work are so equivocal that his 
case bears no further consideration. 
It is clear from these studies that, while there is an inverse 
correlation between body size and the frequency of the advertisement 
call, a particular frequency may indicate to a li.stening frog only 
that the caller falls within a broad size range. The 95% confidence 
limits on a prediction of body size from a given frequency are 
likely to be larger in the three studies disc~ssed above, than those 
found in the present study (Fig. 7.2). If females mate assorta-
t i v e 1 y , i t may be i mp or tan t t o con s i de r , n o t j u st t he s i z e o r 
weights of the males represented by the stimuli in discrimination 
experiments, but also the size or weight of the fe male under test 
I, 
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(6.4). There is clearly a need to determine the discriminatory 
abilities of anurans with behavioural observations and carefully 
de s i gn e d e x p e r i men t s , o r w i t h n e u r op hy s i o l o g i ca l d a ta , rat he r t ha n 
from predictions based on the correlation between size and the 
frequency of the advertisement call. 
The encounter call was produced during territorial 
i n t e r act i on s ( 4 • 3 • 1 ) a n d du r i n g f i g ht s ( 5 • 3 .-1 ) • Ma l es re s po n de d t o 
the playback of encounter calls by changing from advertisement to 
encounter calls and then either attacking or retreating from the 
source of the encounter calls (4.3.4). Encounter calls when 
presented to a resident evoked the same behavioural responses as 
advertisement calls, but at much lower sound intensities (4.3.4). 
The encounter call is thus a second level territory defence that 
emphasises the occupied nature of the territory to an intruder. 
The courtship call was heard infrequently because they were 
produced by males only as a prelude to amplexus (6.3ol). The 
courtship call resembles the advertisement call but has a more rapid 
pulse repetition rate (3.3.4). The function of this call 1s 
unknown. Perhaps it stimulates the female to amplex. It would be 
wort hw hi l e test i n g , by di s c r i mi n at i on e x per i men t s , whet he r gr a vi d 
females preferred the courtship call to the advertisement call. 
7.2 Female Choice and Male Territoriality 
The behaviour of males and females is summarised 1n figure 
7.3. The mating system appears to be a lek; that is, the males 
display (call) 1n a communal area to which the gravid females 
migrate to select a mate (Armstrong 1965; Lack 1968; Wilson 1975; 
Borgia 1979; Wrangham 1980; Bradbury 1981). The following 
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features distinguish a lek: (1) females derive no resources from 
the male apart from sperm; (2) females select a mate from many 
males, any of which could effectively fertilize her; (3) males 
fight for positions which affect their success; and (4) oviposition 
does not occur at the display area (Bradbury 1977, 1981; Davies 
1978; Halliday 1978; Borgia 1979; Wrangham 1980). 
The mating system of Uperoleia ru-gosa fulfils all the 
requirements of a lek. The males spend most of the breeding season 
at the pond, whereas gravid females arrive ,n small numbers 
throughout the breeding season. The sex ratio on a given night is 
therefore heavily skewed towards males, and females are a scarce 
resource. The territories are 1n grass around the edge of the pond 
and are not oviposition sites. The females move amongst the calling 
males for up to three nights before selecting a mate. The female 
then carries the male down to the pond where oviposition occurs. 
Oviposition takes several hours; hence a male can mate with only 
one female each evening. The length of time the females take to 
make a choice is typical of 'prolonged breeders', whereas with 
'explosive breeders' the males scramble for females and mating is 
apparently indiscriminate (Wells 1977b). 
All the territorial males and even the satellites are capable 
of fertilizing a female (4.3.2). Males compete for calling 
stat i on s , but t he re i s no e vi den c e t hat f e ma 1 es p ref e r ma 1 e s t hat 
control central territories as has been fou11d for some birds and 
mammals (Snow 1963; Buechner and Schloeth 1965; Hogan-Warburg 
1966; Van Rhijn 1973; Buechner and Roth 1974; Lill 1974). All of 
the adult males at the pond can call, but some males are silent 
(satellites), apparently because they are small or they are large 
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males that have lost weight (Fig. 7.3). Satellites feed more than 
territorial males (4.3.1) and they may be increasing their inclusive 
fitness (Hamilton 1964) by improving their condition for 
reproduction later in the breeding season or in the following year. 
Females are larger and heavier than males and, because mating 
is assortative by weight, larger males tend to mate more often than 
smaller males. Female choice would be a powerful selective force if 
the size of a male was wholly or partially determined by . his 
genotype. Large males would then produce larger offspring and, over 
a few generations, there would be a tendency for males to attain a 
larger size in what Fisher (1958) has termed a 'runaway process' 
(Williams 1975; Davis and O'Donald 1976). 
Borgia (1979) and West-Erberhard (1979) dispute the 
presumption that female choice based on male quality rapidly 
depletes genetic variability. They argue that genetic variance is 
probably at an equilibrium, and that male mating success is only one 
of several factors that may affect the equilibrium. In addition, 
any l i n k a ge di seq u i l i b r i a a mo n g the genes that f e ma l es a re 
selecting, would tend to reduce the loss of genetic variability. 
Genetic variability would also be maintained if male survival were 
increased by a heterozygous genome, because, even with extreme 
polygyny, no single allele could reach fixation (Borgia 1979). 
Many of these explanations assume that animals are optimally 
adapted (Gould and Lewontin 1979; May and Robertson 1980), and 
might be described as 11 sociobiological story telling" (Gould 1978). 
Few studies have tested whether the selection made by females has a 
beneficial effect on the survival of the offspring. One, however, 
has shown that female fruit flies, allowed to choose their mates, 
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produce offspring more effectively competitive than the offspring of 
females forced to mate at random (Partridge 1980). It has not been 
possible in the present study to determine whether female choice 
improves the survival of the offspring. This would require a long-
term study because ~. rugosa has a generation time of at least two 
years (Humphries 1979). There would also be difficulties in 
following the survival of a cohort of known parentage through the 
stages of egg, tadpole and metamorphosis, except with genetic 
markers. 
It is interesting to speculate on the evolutionary or191n of 
the lek system of.!:!_. rugosa. A plausible hypothesis is that male 
territoriality and female choice evolved because the frogs can be 
active only at night. Anurans are easily dehydrated (Tracy 1976) 
and therefore males must call at night unless they call from humid 
burrows such as those of Pseudophryne species (Pengi l ley 1971, 
1973). Females arrive at the breeding site intermittently and males 
are unlikely to see them or to find them by chance. Males must 
therefore advertise their position and attempt to attract females. 
The best pl ace for a male to advertise is near a pond where 
oviposition can take place. It is advantageous for calling males to 
aggregate because together they are louder than a male calling alone 
(Griffin and Hopkins 1974; Selander 1972; 4.3), and are thus more 
likely to attract females. An additional advantage of calling in an 
aggregation is that females are likely to favour larger aggregations 
to smaller ones, because there are more males from which to select a 
mate. Females are thus more likely to select a high quality male 
from a large aggregation of males. Within each aggregation there 
are considerable advantages in each male being acoustically distinct 
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from i t s n e i g h b o u rs • A f e ma l e ca n t hen detect a n d s e l e ct h i m a s a 
mate (4.3.4). Females assess males for up to three days, and this 
may be the reason why some males show considerable fidelity to their 
calling sites (4.3.1). 
There are many speculative hypotheses in the field of social 
ethology. Many of these hypotheses are untestable (Popper 1963, 
1972; Medawar 1969) and are likely to be plausible 'just so 
stories' (May and Robertson 1980). Several aspects of the proposed 
evolution of lekking behaviour in .!:!_. rugosa are untestable. For 
example, it is assumed that throughout their evolutionary history, 
the arrival at the pond of males and females was not synchronised 
for mating and oviposition. Many aspects of the proposal, however, 
a re based on observations and experiments and there a re se ve ra l 
aspects that may be tested in the future. For example, it would be 
possible to test, either with detailed observations or playback 
experiments, whether females are more attracted to large choruses 
than to s ma 11 on es • The p r op o s a l i s a l so con s i st en t w i th s e x u a l 
selection theory which suggests that, because females produce fewer 
and more energetically expensive gametes than males, the females are 
the limiting factor in sexual reproduction and tend to determine the 
mating system (Darwin 1871; Fisher 1930; Williams 1975; Halliday 
1978; Borgia 1979). 
In conclusion, the males and females of.!:!_. rugosa demonstrate 
the two forms of sexual selection envisaged by Darwin (1871). There 
is "a constantly recurring struggle between males for the possession 
of females" and females "select those [males] which are vigorous and 
well armed, and in other respects most attractive" (Darwin 1871). 
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